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( i ) 
The early part of this work, including the establishment of 
sites, was carried out by Miss M. Watson during 1968. In 1969 
recording was continued by J* Muggleton and Dr. M. E. Bradshaw. 
The study reported here includes the data collected during this 
period, Autumn 1968 to Autumn 1969. 
( i i ) 
The study was essentially a demographic one. Few studies of 
this kind have been carried out on rare plant populations. 
Permanent quadrats (selected subjectively for the presence of 
some leesdale plants, including Gentiana verna and Polv&ala amarella) 
were established on Widdybank and Gronkley Fells i n the Northern 
Pennines. The quadrats were a l l established on the grazed or eroding 
areas of sugar limestone grassland. For each quadrat the grid posi-
tions of a l l the individuals of the species being recorded were 
plotted on a chart. The fate of the i n i t i a l l y recorded mixed-age 
population and that of a l l subsequent additions was noted at each 
v i s i t . 
Larger permanently marked sample sites, usually adjacent to a 
permanent quadrat, were recorded once a year for the number of 
flowering and non-flowering individuals. Individuals vhich flowered 
were then recorded for the number of flowers, f r u i t s and seeds they 
produced. 
From these data the population flux, mortality, survival and 
age-distribution of the individuals i n the quadrats were obtained. 
The relative importance of 3exual reproduction was ascertained by 
closely following the appearance of seedlings and vegetative shoots 
i n each of the quadrats where a species produced both. 
( i i l ) 
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CHAPTER ONE 
INTRODUCTION 
PLANT POPULATION STUDIES 
Population dynamics has long been the prerogative of zoologists 
and studies on plant populations have been relatively few. The study 
of animal populations was stimulated by the need to explain the 
evolutionary mechanism controlling the rate at which, theoretically 
at least, a population could expand. Darwin (1859)» stated, 'Every 
being which during i t s natural lifetime produces several eggs or seeds, 
must suffer destruction during some period of i t s l i f e • • ., otherwise 
on the principle of geometrical increase, i t s numbers would quickly 
become so inordinately great that no country could support the product' 
In addition, and perhaps of greater significance, was the need to under 
stand the often large scale fluctuations i n many pest species, 
Andrewartha (1961). In this context the innate capacity for increase 
was a concept of considerable importance, Andrewartha and Birch (1954). 
This i s an estimate of the potential for population growth given that 
there are no environmental constraints such as climate, growth medium, 
Interspecific or intraspecific competition. 
In plant populations this concept has been applied relatively 
infrequently,although the reproductive a b i l i t y of some annual species, 
capable of producing very large numbers of seeds, might have stimulated 
At* 
more work, similar to that carried out by zoologists. Selman (1970), 
showed that the estimation of annual weed populations and their repro-
ductive potential, i n terms of the number of spikslots which were 
produced, can provide sufficient information on how plant numbers 
change from year to year. 
There are perhaps two properties of plants which have to some 
extent hindered the study of plant population dynamics, pl a s t i c i t y 
and vegetative reproduction. Clearly when clones of vegetative shoots 
are produced which may be centuries old, Harberd (1962) and (1963), the 
definition of the individual becomes a problem. However, population 
studies can be made i f the daughter shoots, 'ramets1 of Kay and Harper 
(1974), are treated as individuals i n a population. 
The majority of studies on plant populations have been carried 
out on perennial herbaceous plants, mostly occurring i n grassland 
communities. In these habitats many of the species reproduce wholly 
or p a r t i a l l y by means of the production of vegetative shoots. The 
results obtained indicate that studies of this kind can be very 
revealing. 
In one of the best known attempts to record changes i n naturally 
occurring populations, Tamm (1948) and (1956), followed the behaviour 
of a number of plant species i n permanent quadrats situated under a 
spruce canopy and i n a meadow. For the species studied, including 
Centaurea lacea. Filinendula vulgaris and Anemone hepatica. individual 
plants were charted within permanently marked sample plots. The fate 
of the individuals, whether they flowered or died, was followed and new 
individuals noted. Tamm (19561) i n discussing the results for the 13 
years between 1943 and 1956 remarked on the s t a b i l i t y of the populations 
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and corresponding low rate of mortality and recruitment. More recently, 
Tamra (1972a), reported the results for a longer period of between 14 and 
30 years for several species of orchid, and from 1943 to 1971 for 
Primula veris P Tamm (1972b). These last two studies give important i n f o r -
mation, on-the changes-in.plant -populations over a relatively long period 
of tune. For example i n the case of 4 of the orchid species i t was clear 
that their numbers decreased over the study period. This appeared to be 
due to the fact that although propagation by seedlings did occur, the 
recruitment rate of new individuals to the populations was very slow i n 
the closed plant communities i n which the plants occurred. 
Tamm's early data was recalculated by Harper (1967) and presented 
as the logarithmic change i n plant numbers with time. He remarked on 
the linear nature of the relationship, showing loss of individuals from 
the population as a slow, steady process which could be characterised, 
l i k e the decay of a radioisotope, by a ' h a l f - l i f e 1 . This parameter 
used as an indication of the rate of turnover of individuals gives an 
important insight into the dynamic nature of plant populations. The 
values given for Centaurea iacea. Filipendula vulgaris and Sanicula 
europaea of c. 1.9, c. 18.4 and 50 years respectively i n the paper 
indicate how much variation there can be i n the rate of change i n the 
populations of different plant species. 
The h a l f - l i f e values can be particularly revealing for perennial 
species, although problems can arise when species reproduce by the 
production of seed which has a high risk of mortality during the early 
stages of establishment following seed germination. In these cases, 
either the groups of individuals with the higher risk of mortality 
should be omitted from the figures used i n the calculation of 'haDf-life' 
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or a modified equation should be used. The values quoted i n the 
literature have been calculated using the decay of a mixed-age popula-
tion. These populations usually do not include seedlings and the 
evidence presented below indicates that their rate of decay i s constant 
and a function of the number of-individuals-only. -In these circum-
stances the formula for the decay of a radio-active isotope gives a 
f a i r l y accurate assessment of the h a l f - l i f e of the plant populations. 
Antonovics (1972) calculated h a l f - l i f e values for mixed popula-
tions of Anthoxanthum odorafom which included individuals starting i n 
one year with those established i n previous years. A value of 2.05 
years was obtained for this group of plants, whilst h a l f - ] i f e values 
for the new arrivals (seedlings) i n each year varied from 2.17 for the 
population recruited during 1966, to 0.95 for the population recruited 
i n 1968. These figures give an indication of the very rapid rate of 
turnover i n this population, both of mature plants and seedlings. (Both 
the mixed-age populations and the populations of seedlings indicated 
that the rate of decay remained more or less constant with time). 
By contrast, the h a l f - l i f e values calculated from Tamm's data, 
Harper (1967), for Flllpendula vulgaris and Sanlcula europaea quoted 
above indicate a very slow rate of turnover. For these species this i s 
associated with high individual longevity, and a correspondingly slow 
rate of replacement by the production of new vegetative shoots and 
occasional seedlings. Under these circumstances the population at any 
one time consists of a high proportion of mature individuals and very 
few new recruits. 
These studies I l l u s t r a t e two strikingly different l i f e - h i s t o r y 
strategies, repeating producers and the 'big bang1 producers of 
Gadgill and Bossert (1970). The f i r s t of these strategies i s r e s t r i c -
ted to perennial plants whilst the second i s employed by annuals and 
biennials and may also be used either instead of, or i n conjunction 
with, vegetative reproduction i n perennials. Apart from the records 
of the changes i n the numbers of some annual weed populations of 
agronomic interest such as Avena fatua. Selman (1970), other data on 
population regulation of both annuals and biennials are almost non-
existent. The most complete plant investigations have been carried out 
on perennial species which are components of grassland communities. 
Since the early studies of Tamm these species have been shown to 
have a variety of l i f e strategies, sometimes with marked differences 
between closely related species. For example, Sagar (1959), studied 
Plantago lanceolata. Plantaeo major and Plantaco media using panto-
graphic techniques, i n permanent grassland under three management 
regimes. He found the most stable population was Plantaeo lanceolata 
growing i n poor grassland which was lightly-grazed during part of the 
year with a mid-Summer hay cut. Under a second management regime there 
was an overall decline i n the populations of Plantaeo lanceolata and 
Plantaeo media i n an area grazed i n 3 out of 4 years with hay cut i n 
the fourth year. This decline was attributed to the lack of seedling 
establishment. In the t h i r d site the grassland, which was part of a 
large garden, suffered periodic flooding and was cut with a scythe. 
Under these conditions Plantaco major was common with occasional 
Plantaeo lanceolata. However, when cutting was stopped and the herbage 
grew freely the former species was eliminated from the sward. A 
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subsequent flooding produced large numbers of Plantaco malor seedlings 
after desolation i n the areas and there was a t o t a l loss of Plantaeo 
lanceolafra from the area. Clearly each of these species was affected 
i n a different way by different environmental factors and their survival 
required particular conditions which allowed the-germination and estab= 
lishment of seedlings. 
This type of study can lead to an understanding of the way 
environmental factors operate by controlling the rate of establishment 
of new individuals, and so determine the spatial distribution of the 
species. Perhaps the most revealing study of this kind i s that of 
Sarukhan and Harper (1973), who examined three species of buttercup, 
Ranunculus renens. Ranunculus bulboBiis and R^'V™"^ pTilfl- They 
considered the species to be ideal for comparative demographic study 
because they are ( l ) closely related, (2) common, (3) l i v e i n the same 
area within an extensive and stable ecosystem, and (4) represent 
different life-strategies. 
The three species were examined i n an area of former ridge and 
furrow grasslands established on arable lands, Harper and Sagar (1953). 
They found that the species were ecologically restricted and one factor 
probably responsible for the zonation was the different requirement for 
seed germination and establishment. Ranunculus repens occupied the 
bottom of the furrow which was poorly drained and often water-logged, 
but seedlings of this species were able to establish very successfully 
under these conditions. Ranunculus bnlbpsus grew along the drier ridges 
and i t was i n this situation that seedling establishment for the species 
was most effective. Ranunculus acris. which occupied an intermediate 
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position between the two other species, also had intermediate require-
ments for successful seedling establishment. 
As well as recording the changes i n the numbers of individuals, 
that i s , population flux, survivorship and mortality, Sarukhan (1974) 
related the contribution of seed production and the dynamics of the 
buried seed to the replenishment of the population. Ranunculus repens 
with a dependable vegetative reproduction, had weak flowering and 
therefore low seed production. However, this was compensated for by 
the fact that the seed survived for a long time i n the s o i l . This 
'reproductive strategy 1 contrasted strikingly with the other two species 
which had l i t t l e or no vegetative reproduction, high seed output, rapid 
germination and short l i f e of buried seed. 
Futwain (1970) and Putwain and Harper (1970) studied populations 
of Rumex acefosa, and jfayn^ ^eetoaella i n grasslands i n North Wales and 
an attempt was made to determine the mechanism of population regulation 
at different stages i n their l i f e cycles. They found that most popula-
tions of Rumax acetoae3Tlai were controlled by a plastic reduction i n the 
a b i l i t y of the species to reproduce vegetatively at high densities. 
Rumex acetosa. on the other hand, i s regulated at the germination and 
establishment phase of i t s l i f e cycle. For both species seedling estab-
lishment i s very d i f f i c u l t i n closed grassland communities and new 
individuals arising from the mode of reproduction require local distur-
bances of the sward to allow germination and establishment. Once 
established, however, both can reproduce vegetatively and thus are able 
to survive i n a closed sward, although floppy ^ t o s a l l a i s often more 
typically found i n disturbed habitats such as burnt areas of moorland. 
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Environmental factors not only operate through the control of 
the different stages of the life-cycle, as outlined above, but may 
also determine the form of the life-cycle i t s e l f . This was clearly 
illu s t r a t e d for Trifolium pratense. by Rabotnov (1960) quoted i n 
Harper and White (1970), who examined i t s growth i n both floodplain 
meadows and sub-alpine meadows. In the f i r s t of these situations 
the number of clover plants fluctuated a great deal; the plants 
usually flowered once within two years of seedling establishment and 
then died. A new population was formed by seedling establishment and 
there was a rapid turnover of the population as a result of the 'big 
bang' method of reproduction. 
By contrast, red clover i n the sub-alpine meadows became poly-
carpic. Plants did not flower u n t i l they were 5 to 10 years old; 
thereafter they flowered either every year or once every 2 or 3 years, 
some individuals reaching 20 years of age. The rate of population 
turnover i n this second situation was much slower. This was reflected 
by the low seed yield and slow rate of replacement of individuals. 
The above studies were largely concerned with the way i n which 
plant populations were regulated. In the words of Darwin (1859), 
'Look at a plant i n the midst of i t s range, why does i t not double or 
p 
quadruple i t s number.' However, the reverse of this must also be 
considered, 'Why does a species survive;' Clearly, this has a direct 
bearing on rare plant populations, i n particular, where the main 
question to be answered i s , how does the population ensure there are 
sufficient new plants to maintain i t s numbers. 
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Perennial herbs, which make up approximate]./ 90% of grasslands 
i n temperate regions, often have the a b i l i t y to reproduce both by 
means of the production of vegetative propagules and seed. Under 
grazed conditions and i n a closed sward the second mode of reproduc-
tion i s often curtailed and survival of the species i s fac i l i t a t e d i n 
the short term by the a b i l i t y of the plants to produce vegetative 
shoots. Clearly sexual reproduction may be important to the long term 
survival of the population, allowing adaptation to changing environmental 
conditions. 
Bliss (1962) discussed the adaptations of arctic and alpine plants 
to adverse environmental conditions and many of these are applicable to 
species growing i n Upper Teesdale. For example self-pollination i s 
often more important than wind and insects, although bumble bees seem to 
duct 
be of some importance. In Teesdale, Viola rupestris.y Viola riviniana 
(Chapters four and five) both have cleistogamou3 flowers which produce 
relatively large numbers of seed and Draba incana. (Chapter eight) and 
Polygala amarella (Chapter seven) are predominantly inbreeding species, 
Fearn (1971). Many plants of the tundra are reduced i n size so that 
the aerial parts are i n the more favourable lower part of the micro-
environment where higher temperatures prevail. 
Bliss also indicated that many species produce viable seed whilst 
others do not and suggested that i n some years large numbers of seed 
germinate and become established. In Upper Teesdale a large proportion 
of the species can produce seed but many, for example, Primula farinosa. 
Tofieldi^ p'lifl.V1,^ and Genti,ana verna, do so infrequently because the 
flowers are eaten by sheep. Other species produce l i t t l e or no seed 
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because few flowers are produced. For example during the four years 
of this stud/ only one flower of Potentilla crantzi,j was observed on 
Widdybank Fell. 
Another adaptation to adverse environmental conditions i s poly-
ploidy with about twice as many species i n temperate regions having 
two or more sets of chromosomes. Bliss (1962) considered that this 
was because: (1) there a&e a high percentage of perennial herbs, 
(2) a relatively large number of grasses and sedges where polyploidy 
i s high, (3) polyploids have wider tolerance l i m i t s . ELkington (1962) 
found that the number of chromosomes i n plants of Draba lncana from 
Upper Teesdale was similar to that recorded i n more northern environ-
ments including South West Greenland and Iceland. The Flora Europaea 
indicates that this species i s a robust biennial, although sometimes 
perennial. In Teesdale the plant i s relatively long-lived but mono-
carpic. Thus i t i s clear that the environmental factors i n Upper 
Teesdale affect the species i n a very similar way to the climatic con-
ditions i n Arctic and Alpine regions of Europe, and indeed as we w i l l 
see i n the next chapter, climatic conditions i n Upper Teesdale are 
similar to those of South West Greenland. 
Grazing i s an important factor i n maintaining diversity i n grass-
lands particularly the species rich grasslands of the chalk and limestone 
areas of Britain, which often support rare plants. In these situations a 
very delicate balance has to be achieved between the level of grazing 
required to maintain a sward i n which the more sensitive herbs are able 
to survive, and that which causes destruction of the t u r f or alteration 
of species composition. The change i n the composition of the vegetation 
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brought about by changes i n management have been studied on a number 
of occasions. 
Exclusion of rabbits from a poor, acid grassland resulted, after 
11 to 13 years, i n the dominance of Festuca ovina and the complete 
elimination of the accompanying species, Watt (1960). Study on the 
same plot was continued u n t i l 19&9 giving 33 years of results which 
showed that from 1936 to 1954 the percentage cover of Festuca ovina 
rose to a maximum of approximately 50%. This was followed by a 
fluctuating f a l l to a l i t t l e over 20% i n 19&9. 1° the early stages 
following cessation of grazing the fescue flowered vigorously and no 
doubt the increase i n this species was due to the successful estab-
lishment of seedlings. In the later stages as the plants became 
older they flowered less and the presence of increased l i t t e r pro-
vided an environment hostile to the establishment of seedlings, Watt 
(1971s). 
Watt's study showed overall changes i n f l o r i s t i c composition 
without reference to actual numbers of individuals. However, Williams 
(1970), using a pantograph, presented data on the survival of individuals 
of two species, growing i n semi-arid desert grassland i n Australia under 
grazed and ungrazed conditions. He found that under grazed conditions 
the sole representative of the original climax vegetation Chloris 
aclcularis. had a very much reduced h a l f - l i f e value when compared with 
the plant under ungrazed conditions* Thus the absence of grazing tends 
to favour this species allowing larger and longer-lived crops. On the 
other hand Danthonia caesnitosa. the disclimax dominant, which had a 
large population turnover was l i t t l e affected by the presence or absence 
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of grazing and there was a tendency for grazing to favour survival. 
Chloris acicularis was rapidly eliminated under grazed conditions and 
i t would appear that this was due to an increased risk of mortality 
i n the early stages of establishment. 
An understanding^ the stage i n the l i f e cycle of plants 
(particularly rare species) which i s the most susceptible to changes 
i n environmental conditions, i s important i n any management programme 
directed towards the conservation of the species concerned. Despite 
this there are very few studies which have attempted to record changes 
i n the numbers of rare plant species under f i e l d conditions. The 
study of Tamm (1973) on a number of orchid species, Watt (1973$ i n the 
Beckland and Wells (1967) on Spiranthes spiralis, are of importance. 
Ualls (1967) In particular ill u s t r a t e d the d i f f i c u l t y of identifying 
the many factors which together or separately may influence whether a 
plant flowers or remains i n a vegetative state. 
The overall effects of management on plant communities, especially 
those of significance for w i l d l i f e conservation, have received some 
attention. Harper (1971) reviewed some of the experiments including 
the Park Grass experiments at Rothamsted, which were started In 18$6 
to determine the effects of f e r t i l i z e r treatments on the yield of a 
meadow grassland which had been i n existence for several hundred years. 
There have been marked f l o r i s t i c changes In the plots which have now 
stabilised such that each plot has a unique species composition markedly 
different from the control. 
Vegetational differences were observed between grazed and mown 
sections of a former hay meadow and the differences i n species composi-
ti o n was attributed to the different treatments, Tamm (1956^. 
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The effects of sheep grazing as against mechanical cutting was 
considered by Wells (1971) i n relation to the survival of chalk grass-
land communities. 
The addition of f e r t i l i z e r on a sward i n Upper Teesdale dominated 
by KobreBia simpliciuscula was found to almost completely eliminate 
Kobresi,a from the t u r f and this was considered to be the result of 
stimulating the growth of competing grasses species by increasing the 
amount of available nutrients, Jeffrey (1971). 
Other factors such as trampling and etttrop&ication, Streeter 
(1971) and walking and skiing, Bayfield (1971) have been considered 
i n their effects on the species composition of chalk grassland at 
Box H i l l and the vegetation of the Cairngorms respectively. At 
Box H i l l species such as Thymus drucei and Asperula cynanchia were 
progressively eliminated from the t u r f subject to the highest v i s i t o r 
pressure. In the Cairngorms Trichophorum cespitosum and a r t i f i c i a l l y 
sown S50 Timothy appeared to be less seriously affected by trampling 
than Sphagnum, lichens and Calluna vulgaris. 
Interference between species and between individuals of the 
same species and the implications for the survival of plants i n a 
certain vegetation type are discussed i n Harper (1964) and Harper 
(1967). In the f i r s t of these papers Harper stresses the importance 
of the a b i l i t y of a population to intercept the incident l i g h t with 
most plant species tending to develop u n t i l most of the l i g h t i s 
trapped. In mixed stands the difference i n growth habits of two 
species may determine the way i n which the l i g h t resources are shared 
and lead to one species becoming dominant over the other. Perhaps 
eventually a l l the incident l i g h t may be trapped by the dominant 
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species and this a b i l i t y to put a canopy higher than that of the 
next plant may be an extremely important factor i n bringing about 
vegetational succession. 
Clearly this i s not the f u l l story since plant communities 
occur which have relatively stable mixtures of.species, particularly 
so for climax communities. Experiments by Harper and McNaughton 
(1962) suggested that each species i n a mixture of jPapayer spp. was 
affected more by intraspecific competition than by interspecific 
competition (perhaps not surprising since each has similar growth 
form). For the species studied the risk of mortality of individuals 
increased with density. Thus there was an upper l i m i t on the size of 
the population of each species regardless of sowing density. They 
argued that this intraspecific control i s a necessary prerequisite 
i f stable mixtures of species are to exist. I f some control of this 
kind did not operate then the most aggressive species would become 
dominant to the exclusion of a l l other species. 
The vegetation of any area results from a combination of many 
environmental factors acting i n various ways, of which climate and 
s o i l are probably the most important, and affecting the a b i l i t y of 
plant species to become established and maintain their populations. 
Over much of Britain the natural climax vegetation is deciduous wood-
land. However, there are very few areas of this vegetation type which 
are t r u l y natural. Most of the 'natural 1 habitats including deciduous 
woodland have been affected to a greater or lesser extent by man and 
often the actual nature of the vegetation depends on the managemont 
regime imposed by man,as i s the case with the chalk and limestone 
grassland of Great Britain. 
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Clearly the type of vegetation and i t s survival depends on the 
a b i l i t y of the individual species to replenish their populations. In 
this context a knowledge of the l i f e cycles of individual species and 
the stages which are most susceptible to mortality i s important. This 
i s particularly—so where rare species are concerned as i t may not 
always be enough simply to maintain the traditional management regime 
to ensure their continued existence. For example small changes i n 
the intensity of grazing and f e r t i l i z e r treatment may be enough to 
eliminate the more sensitive herbs from the vegetation. 
In Upper Teesdale particularly i n the grasslands associated with 
the oSttCrops of sugar limestone there are a large number of plants 
which are rare i n the British Isles. An attempt has beon made i n this 
study to examine the way i n which some of the plant populations behave 
under the present grazing regime. I t is hoped that an understanding 
of the l i f e strategies of some of the species w i l l help to explain the 
long-term survival of the Teesdale 'ra r i t i e s ' . In particular a know-
ledge of the way i n which individual species maintain their populations 
under the present management regime should aid their future conservation 
by allowing suitable long-term management of the vegetation to be 
recommended. 
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CHAPTER TWO 
UPPER TEESDALE AND THE 'RARITIES' 
Since 1843 when James Backhouse f i r s t published 'An Account 
of a v i s i t to Teesdale i n the Summer of 1843", and later wrote 
'. . . we set out for Widdybank Fel l , Cauldron Snout and Falcon Clintsj 
which comprehend a d i s t r i c t probably the richest i n Teesdale for 
botanists', (Backhouse Jun. 1844), botanists have been aware of i t s 
r i c h and varied flora. Baker and Tate (1868) l i s t e d 32 r a r i t i e s from 
'an area something l i k e four square miles'. More recently Pigott (1956) 
l i s t e d about 140 rare or local plants from an area now almost wholly 
within the Upper Teesdale National Nature Reserve. 
The flo r a of Upper Teesdale has been interpreted as a r e l i c t of 
a flora widespread i n the late-glacial times, Godwin (1956). The 
existence of this and other refugxa, largely depends on two environ-
mental features affecting species survival through the post-glacial 
forest maximum; these were, no closed tree canopy and a relatively 
high calcium status of the s o i l , Pigott and Walters (195 4). Pigott 
(1956) discusses a number of ecological factors which may have been 
important i n maintaining the open conditions, particularly during the 
forest maximum. Some of these, including climate, geology and grazing, 
are discussed later. In addition to these, Clark, i n Valentine (19&5), 
suggests that moles may also have had some influence i n maintaining 
- 17 -
open conditions, by breaking the vegetation cover and exposing the 
s o i l . He indicated that this may have been particularly important 
during the forest maximum when open habitats were at a premium and 
the survival of many of the Teesdale 'rarities' at greatest risk. 
A detailed description of the history of the vegetation and 
flora of Widdybank Fell and the Cow Green reservoir basin i n Upper 
Teesdale i s given i n Turner et a l . (1973). The data presented 
indicates that even during the forest maximum the herb frequency i n 
most of the pollen diagrams averaged 30% to 40%, This compares with 
a lowland diagram from Cranberry moss, Co. Durham, Turner (1970), 
where the herbaceous pollen grains represent only 5% of the tot a l 
pollen. The conclusion drawn from these results was that the upland 
woods did not have a completely closed canopy l i k e those of the 
lowlands and the r e l i c t s of the late-glacial f l o r a survived i n open-
ings under the canopy. 
Of 75 rare species of flowering plant described by Pigott (1956), 
16 have pollen which can be identified to or very near the species 
level. Turner et a l . (1973) reports that 11 of these 16 have been 
found i n the post-glacial pollen record and concludes! 'The records 
of Genftjana, vqrna,, Drvas octopetala. Batulfl nanp,, Saxlfraea a^oidea. 
fiaxj-frgga, sfoiUarto, Helianthemum canum and Tha^iq^rum .alpinism, from 
zone 0, the period of the forest maximum, confirm beyond any reasonable 
doubt that these rare Bpecies have indeed been i n the area from the 
late-glacial to the present day. . . . 1 
Survival of so many rare plants i n Upper Teesdale, particularly 
on Widdybank and Cronkley Fells, where the present study was carried 
out, was due to environmental factors allowing their survival through 
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the forest maximum. Some of these, together with other factors 
including man, are s t i l l very important today. 
The unique bedrock; which outcrops on the two f e l l s i s 
undoubtedly one of the most important features of the area. Here 
the Melmerby Scar limestone has been scrystalised by the intrusion 
of molten magna, which cooled to form the Great Whin S i l l , to a 
saccharoidal marble. Where the metamorphosed limestone outcrops and 
i s not covered by glacial d r i f t , freely draining, unstable soils have 
developed. Formation of the calcite sand, the 'sugar limestone 1, i s 
largely the result of sub-surface weathering of the marble beneath 
the layer of d r i f t or s o i l , Johnson et a l . (1971). Johnson suggests 
that sub-surface weathering followed by erosion of the unstable cal-
cite sand, have provided a succession of open habitats i n which tne 
rare plants have survived. 
The key to the ecological factors important to the survival of 
the rare plants, after clearance of the forest, would appear to be 
the reduction of the competitive a b i l i t y of some of the more vigorous 
species invading the area. Climate i s perhaps one of the factors 
which i n the past restricted the growth of trees and today may be 
important i n restricting the growth of competitors. 
Manley (1936) considered the climate at Moor House (now within 
the National Nature Reserve) ab 561 metres above sea level (the 
Widdybank Fell station i s at 500 metres), to be at the upper l i m i t of 
cultivation i n England. He describes a bleak climate, which i s windy 
and damp where climatic data correspond well with records at sea level 
i n Southern Iceland. Comparison of the yearly figures for the mean ai r 
temperature and r a i n f a l l for the two stations, at Moor House and 
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Widdybank Fell (see Table a) Indicates that the climate was slightly 
more extreme at Moor House. 
The ai r temperature was sli g h t l y higher on Widdybank Fell than 
at Moor House. There was very l i t t l e variation between years except 
- i n 1971 when the temperature was much higher at both stations than i n 
the other years. The r a i n f a l l at Moor House was higher i n a l l years 
than that recorded on Widdybank Fell. The difference varied from nearly 
152 millimetres i n 1968 to only 18 millimetres i n 1969. Although the 
variation between years was quite large, the most unusual year was 1971 
when the r a i n f a l l was exceptionally low. 
Data are presented i n Figure 1 and show the monthly figures for 
mean daily a i r temperature £(max. + min.) and monthly r a i n f a l l over 
the period of study on Widdybank Fell. In 1970 following a late Spring 
the temperature rose sharply i n May and June. During these months not 
only were the mean temperatures higher than i n the same months i n any 
of the other years, but also they were the driest. The mean temperatures 
i n 1970 remained high u n t i l September and i t would appear that the 
climate was particularly favourable to plant growth and development. 
Data are presented i n the chapters on the individual species which show 
that vegetative reproduction for some of the species was noticeably 
higher i n that year than i n the other three. 
Another factor, Iflw p^yf}ability of phosphate, was found by 
Jeffrey (1971) to be important i n reducing the competition of two 
potentially fast-growing grass species, i n a Kobresia-rich sward. He 
also considered climate, grazing and trampling and heavy metal t o x i c i t y 
to be other l i k e l y factors of importance. 
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Table a 
SUMMARY OF MEAN DAILY AIR TEMPERATURES 
£(MAX. + MIN.) AND RAINFALL ON 
WIDDYBANK FELL AND AT MOOR HOUSE 
1968 1969 1970 1971 1972 
Mean daily a i r tempera-
ture, °c. 
Widdybank Fell 5.4 5.4 5.5 6.4 5.5 
Moor House 
i 
4.9 4.7 4.9 5.6 4.8 
Rainfall i n millimetres 
Widdybank Fell 1,572 1,654 1,849 1,295 1,671 
Moor House 1,976 1,671 2,141 1,346 1,788 
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Bellamy et a l . (1969) found that communities containing arctic 
alpine species (the re l i c t s from the late-glacial flora) had an 
annual dry weight shoot production of less than 150 glm2. They went 
on to compare figures for shoot production for a range of true alpine 
tundra ecosystems given by Bliss (1966), v i t h those-obtained i n 
Tee3dale. They concluded that, 'Teesdale ecosystems seem to have 
much i n common with true tundra ecosystems1. Thus, i t would 
appear that the Teesdale 'r a r i t i e s ' survive i n communities which 
correspond closely to e&p&a communities and that this i s probably due 
to the cold and wet climate and low nutrient availability. 
Grazing i s a factor which today plays an extremely important part 
i n the maintenance of these open ecosystems. I t i s clear from the 
appearance of grassland which has been fenced that the absence of 
grazing leads to a much more vigorous growth of the vegetation. I t 
seems probable that i n time, some of the species less tolerant of 
competition would be eliminated from the sward i f grazing were preven-
ted entirely. Casual observation inside the Meteorological Station 
enclosure indicates that Gentiana verna i s able to survive i n the 
ungrazed closed Sesleria caerulea t u r f but Gentiana verna plants, i n 
t u r f transplanted from below top water line to the University of Durham, 
were lost from the t u r f within 18 monbhs. During this period, Sesl,eria 
caerulea grew quite vigorously as did several of the other species i n 
the sward, including Primul,a farinosa. The effects of grazing animals 
may also have been important i n helping to prevent complete closure of 
the tree canopy by trampling and prevention of regeneration, particularly 
around springs. 
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Clearly a variety of factors have been important i n the long 
term survival of plant communities i n which the rare species occur. 
However, throughout this period up to the present day survival of 
individual species w i l l have depended entirely on their a b i l i t y to 
produce new individuals to make up the losses brought about by 
mortality. This a b i l i t y would also need to be flexible enough to 
overcome different environmental conditions, ranging from very cold 
open tundra, through open forest to the present day where the vege-
tation of the 'sugar limestone' t u r f i s held at an a r t i f i c i a l stage 
of succession by grazing. 
Grazing, as has already been indicated, i s important i n 
reducing the competition from species l i k e l y to eliminate some, i f 
not a l l , of the Teesdale 'rari t i e s ' . Grazing by sheep on Widdybank 
Fell, and sheep and rabbits on Cronkley Fell also has an effect on some 
of the rare plants themselves by restricting their a b i l i t y to reproduce 
sexually. As w i l l be seen later, ( i n Chapters four to nine), this i s 
of considerable importance for some species where almost a l l the 
flowers are removed by grazing, before they are able to produce seed. 
This means that some species must be able to reproduce vegetatively at 
a rate which w i l l allow for the replacement of the population. 
The species chosen for study were selected from 18 for which 
quadrats were i n i t i a l l y established. The 6 dealt with i n detail show 
a variety of l i f e strategies. 
These species are included i n a number of different geographical 
elemonts v/hich come together i n Upper Teesdale. A detailed description 
of the geographical elements of the 'Teesdale assemblage' of plants i s 
given by Bradshaw (1970). Most of the species have an arctic-alpine or 
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northern distribution although Helianthemum canum and Hippocrepis 
comosa. which both occur only on Cronkley Fell, are continental 
southern species, and i n their most northern and highest station i n 
Britain. 
The geographical elements of the species included i n this study, 
Bradshaw (1970), are as follows:-
Carax ericetormn ) 
Polygala f m p ^ i f i S Continental Northern 
Viola rupestris ) 
Draba incana ) Arctic-alpine 
Gentiana verna ) Alpine 
Linum catharticum and Viola riviniana are much more widely dis-
tributed and Viola rupestris x riviniana i s not known from any other 
station i n Western Europe. 
Distribution of some of the individual species i n Britain i s very 
restricted. In the case of the hybrid violet, as far as can be ascer-
tained, Uiddybank Fell i s the only station i n Britain or Europe. Carex 
ericetorum i s rather more widespread, occurring on calcareous soils from 
Suffolk to Westmorland (Clapham, Tutin and Warburg). Polygala amarella 
is restricted to a very few areas i n Western Yorkshire and Durham. Viola 
rupestris occurs at only three sites i n Britain, a l l i n the North of 
England, where the populations are f a i r l y small. Draba incana is rather 
more widespread occurring from sea-level to up to 3,550 feet on Ben 
Lawers and northwards from Caenarvon, Stafford and Derby to Orkney and 
Shetland (Clapham, Tutin and Warburg, 1962). Gentiana verna occurs i n 
only two areas, Upper Teesdale and the Burren I n Western Ireland, 
and i n both areas the species i s quite widespread although by no 
means common. LLnum catharticum and Viola riviniana occur commonly 
throughout Britain. 
The communities i n which these species, and many of the other 
Teesdale ' r a r i t i e s ' , occur are described i n Pigott (1956). More 
recently Shimwell (1969) described the status of the Class ELyno-
Sesleriatea Br.-HI. 1948 i n the British Isles. This Class comprises 
most of the calcareous grass-heaths of the arctic-alpine regions and 
i n Britain,communities i n which Sesleria caerulea i s dominant or 
co-dominant occur i n a marked zone across Northern England, forming a 
phyto-geographical li n k between the Classes Festuco-Brometea (lowland 
grasslands) and Elyno-Seslerietea. These grasslands are referable to 
the Sub-alliance Se_slererio-Mesobromion Oberd. 1957 of the Class 
Festuco-Brometea Br.-Bl. and R.Tx. 1943. A detailed study has been 
carried out by A. V. Jones (1973) of the phytosociological groups on 
Widdybank Fell. Vegetation maps of the whole Fell have been produced 
at a scale of 1:10,000 and of those areas of particular phytogeographic 
interest, including the areas of 'sugar limestone1 grassland at a scale 
of 1:2,500. 
Figure 1 
WIDDYBANK FELL 
(a) Rainfall (millimetres) 
(b) Mean Air Temperature °C. 
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CHAPTER THREE 
SECTION 1: SELECTION OF SAMPLE AREAS 
In July 1968 work was started by a Research Assistant, 
Miss Maureen E. Watson, Into the selection of the best sites, each 
containing several species and where possible a reasonable number of 
plants. I n i t i a l l y , a total of 18 species were chosen for study, but 
some of these were discounted together with their quadrats, i n order 
that a more intensive study could be made on a smaller number of 
species* In this context, additional quadrats were established after 
1968 so that some species of plants could be studied i n different situa-
tions and greater numbers of individuals could be identified. (Records 
were kept on other species which were not studied as intensively and 
not included i n the main body of the thesis). 
The sites were situated on closely grazed sugar limestone turf 
and i n areas of eroding sugar limestone mostly on Widdybank F e l l but 
also on Cronkley F e l l . I n i t i a l l y , these were chosen so that records 
could be kept for each species at three different distances from the 
eventual top water level of the reservoir; within 100 metres, approxi-
mately 200 to 250 metres and over 500 metres. In fact, over the study 
period reported here there i s no indication from the results of differences 
i n the performance of the species at the varying distances from the 
reservoir* Reference to this, therefore, has been ignored, although the 
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study of these species, which i s being continued, may provide some 
information i f there are any long term effects brought about by the 
close proximity of a large water body. 
The selection of the (best 1 areas for establishing quadrats 
and sample sites was facilitated by maps showing the detailed d i s t r i -
bution of a number of characteristic species of the Teesdale flora, 
produced by voluntary workers under the guidance of Dr. M. E. Bradshaw. 
Due to the very restricted nature of some of the populations i n Teesdale, 
the number of possible areas which could have been sampled varied a 
great deal between species. Details of the sites, their permanent 
quadrats and sample sites, are given i n Section 3. 
Sites 1, 2 and 3 i n Section 3, Table a, were situated close to the 
top water-line of the reservoir. Site 1, whicn contained only one per-
manent quadrat and sample site, was situated i n sugar limestone turf 
near to Slapestone Syke. Site 2 was also on sugar limestone turf, i n 
this case periodically disturbed by moles. Three years after the study 
ended, this area was covered by the wind blown sugar limestone sand. 
This sand was formed by the erosion of the sugar limestone turf, exposing 
the underlying s o i l and rock by wave action, where the outcropping meta-
morphosed limestone forms the reservoir shore. Site 3 was situated on 
closed heavily grazed sugar limestone turf. 
Sites 4, 3, 6 and 7 were situated at approximately 200 to 250 metres 
from the top water-line of the reservoir. Site 4, a small area of 
apparently heavily grazed sugar limestone turf, was close to a spring 
often frequented by sheep. Site 3 had a single long quadrat running 
along a very open eroding edge of sugar limestone, where the vegetation 
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cover was very sparse. Sites 6 and 7 were situated on closed sugar 
limestone turf with Kobresla slmplicluscula. One of the quadrats and 
i t s associated sample site also had Calluna vulgaris. 
Sites 8, 8B and 9 were more than 300 metres from top water-line 
of the reservoir. Sites 8 and 9 contained both closed and eroding 
limestone turf, the former with Calluna vulgaris in one quadrat. 
Site 8B was situated on grazed limestone turf with Calluna vulgaris 
and Bapetrum nigrum present. 
Site 10 was also situated on sugar limestone turf on Cronkley F e l l , 
with one quadrat inside a rabbit and sheep-proof exclosure. The other 
quadrat and associated sample si t e area were heavily grazed by rabbits 
and sheep and contained Calluna vulgaris and Bapetrum nigrum. 
SECTION 2: THE INDIVIDUALS STUDIED 
The study of plant population dynamics has been hindered by 
problems relating to the definition of 'the individual'. Harper (1967), 
considered that this was due to the effect of two Interlinked properties 
of higher plants - plasticity and vegetative reproduction. More recently, 
Sarukhan and Harper (1973), stated that 'mortality data from natural 
populations have rarely been recorded, perhaps partly because i t i s more 
dif f i c u l t to define "the individual 1" i n plants than i t i s in animals'. 
Plasticity can to some extent be measured by counting the number of seeds 
produced by a reproductive unit, but the definition of that 'unit 1 
remains a problem. 
The successful establishment of a single seedling may result i n the 
production of large numbers of offspring identical to the original parent 
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and which may or may not remain a part of the parent. Clearly, I n 
this situation an arbitrary decision has to be made i f the plant 
population i s to be subject to numerical analysis, Harper (1967). 
Observations on the clone size of Festuca rubra. Ffrflt-flqfl O^Tft 
and Trlfolium renena. Harberd (1961), (1962) and (1963) respectively, 
indicated that the age of the clones must be measured i n hundreds of 
years. Under these circumstances i n plant populations, there are two 
levels of population behaviour, Harper and White (1974)} the number of 
colonies (clones derived from one seedling) and the number of members 
of that colony (shoots). Where plant species do not reproduce vegeta= 
tively, the second level of population organisation may be considered 
to be related to the birth and death of parts of a plant (such as a 
leaf or root). 
I t i s applicable i n this study to consider the two levels of 
population behaviour as they relate to the production of a new plant 
from seed (genet), or by vegetative reproduction resulting i n discrete 
functional units (ramets), Kay and Harper (1974). Clearly, where an 
individual appears as a result of seed germination and the establishment 
of the seedling, the unit i s easily defined. However, i f this unit pro-
duces shoots or l a t e r a l branches, care must be taken i n deciding which 
i s the f ^ f y ^ ? " ? ? , unit to be considered. 
Of the 18 species which were originally chosen for the study, 
6 were recorded i n detail and the results are given i n Chapters four to 
nine inclusive. Data from another 2 species are included i n Chapter ten. 
The 8 species represent a variety of l i f e strategies and i n each case 
the 'unit' has been described i n the appropriate chapter. One of the 
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c r i t e r i a for i t s definition i s that i t should be an identifiable 
entity capable of reproduction. The term 'unit of reproduction1 has 
been used to describe the individuals i n the populations. 
Three of the species reproduce entirely by seed production and 
the establishment of seedlings. JAmm catrhflrtjliOyra i s a biennial and 
both the f i r s t and second year plants are easily identifiable. Draba 
incana i s a mono-carpic perennial and Polygala amarella a poly-carpic 
perennial. In each of these 3 species a 'unit of reproduction' i s 
equivalent to the 'genet' of Kay and Harper (1974) and i s any plant 
which arises from one seed. In each case, although the mature plant 
on flowering produces branches, they are clearly attached to the main 
stem of the original plant, which developed from a seedling. 
Viola rupestris and Viola rivinlana are perennials which reproduce 
both by means of the production of seed and vegetative shoots. In these 
species plants which develop from seed are clearly 'units of reproduction1 
forming a rosette of leaves from which flowering branches (attached to 
the main stem) are produced. These plants (genets) also produce vege-
tative shoots (ramets) which i n the former species are less easy to 
define. 
New vegetative rosettes are sometimes produced by Viola rupestrls 
on the underground stem. Although these do not seem to develop a 
separate root system they are, i n appearanoe, discrete plants and able 
to produce flowers and set seed. Usually, i t was not possible to deter-
mine the connections between the mother plant and these rosettes and, 
therefore, they have also been considered as individuals for the purpose 
of this study. 
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In Viola r i i f l i f t i P n f l p the new vegetative rosettes arise from root 
shoots and become established as independent plants which are able to 
flower and set seed. These individuals are equivalent to the 'ramet1 
of Kay and Harper (1974). Once the vegetative shoots of both Viojla 
rupestris andjflola rlvjniana become - established, - i t - i s -impossible,-in 
both species, to distinguish between plants which have developed from 
seed or vegetative shoots. Because of this each rosette has been 
treated as being of equal importance. 
QepttPflfl yerflft and Cares ericetorum reproduce by means of the 
production of vegetative shoots. Both species are able to produce seed 
although no seedlings were recorded during the study period. A l l of 
the units i n these species are equivalent to the «ramets' of Kay and 
Harper (1974) and both have distinct rosettes which are able to produce 
flowers and ripe f r u i t s . The connections between the rosettes are 
impossible to determine without uprooting the plants and these are con-
sidered, therefore, to be the 'units of reproduction 1. Viola rupestris x 
rivinlana i s exceptional i n that the rosettes are not capable of pro-
ducing seed, as the flowers are s t e r i l e . However, each of the shoots 
are similar to those of Viola rupestrj,s and are, therefore, also con-
sidered to be the 'units of reproduction' (the individuals of this study). 
SECTION 3: PERMANENT QUADRATS AND SAMPLE SITES 
Once the sites had been selected for study, permanent quadrats and 
sample sites were established. At each site the permanent quadrats were 
chosen so that detailed monitoring of the individual plants of the species 
being studied could be carried out. 
A l l the permanent quadrats were 30 centimetres wide, but varied 
in length from 0.5 to 5 metres, depending on the density of the species 
being studied. These quadrats were permanently marked with plastic 
coated, metal corner pegs sunk to ground level, the pegs being located 
by use of a compass bearing and known distance from an easily-found 
landmark. Since the main purpose of this study was to monitor the 
behaviour of plant populations under natural conditions, i t was impor-
tant that any system for marking the quadrats should have a minimum 
influence on the vegetation and be inconspicuous so that i t did not 
attract visitors. 
Larger permanently-marked sample sites were required to supplement 
the size of the sample of flowering and fruiting plants and their seed 
production. Where possible these were situated close "Co a permanent 
quadrat and i n a similar vegetation type. A complete l i s t of permanent 
quadrats and sample sites i s given i n Table a, together with the species 
studied i n each, and the quadrat size. More detailed descriptions of 
vegetation i n the permanent quadrats are given i n Chapters four to nine, 
Section 2, where 6 of the species, Viola rupestrls. Viola rivlniana. 
Viola rupestrls x riviniana. Folyeala amarella. Draba incana and Gentiana 
verna are described i n detail. Information on the other species studied 
i n less detail, Linum catharticmn and Carex ericetorum are included i n 
Chapter ten. 
The vegetation i n some of the permanent quadrats was mapped and 
where plans of these are available they are included under the appropriate 
species heading. A symbol represents the species which covers more than 
50% of each centimetre square; where 2 species cover a square equally, 
both symbols are given; where several species contribute to the cover the 
square i s represented by a cross. 
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Table a 
PERMANENT QUADRATS AND SAMPLE SITES 
SITE Permanent Quadrat No. 
Sample Site 
No. 
Size I n 
Metres Species Studied 
1 1.1 0.3 x 2.5 Gentiana verna 
l s a l 0.8 x 3.0 Gentiana verna 
2 2.1 0.3 x 2.5 Linum catharticum 
Draba incana 
2s a l 2.0 x 4.5 Linura catharticum 
Draba incana 
2.2 0.3 x 4.0 Viola rupestris 
2832 2.0 x 6.0 Viola rupestris 
2.3 0.3 x 1.0 Viola rupestris 
3 3.1 0.3 x 3.0 Viola riviniana 
3.2 0.3 x 2.0 Viola rupestris 
3.3 0.3 x 1.0 Viola rupestris x 
riviniana 
3.4 0.3 x 2.0 Viola rupestris 
3.5 0.3 x 1.0 Viola riviniana 
3ssl 1.2 x 2.0 Viola rupestris 
3ss2 0.7 x 1.7 Viola rupestris x 
riviniana 
3333 0.3 x 1.0 Viola riviniana 
4 4.1 0.3 x 3.0 Gentiana verna 
4ssl 1.5 x 1.5 Gentiana verna 
5 
« 
5.1 
i 
1 
0.3 x 5.0 Draba incana 
Linum catharticum 
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SITE Permanent Quadrat No. 
Sample Site 
No. 
i 
Size I n 
Metres Species Studied 
6 6.1 0.3 x 4.0 Polygala amarella 
Viola rivl.nlana 
6.2 0.3 x 5.0 Viola rupestris 
6ssl 1.0 x 1.0 Viola riviniana 
6ss2 4.0 x 5.0 Viola rupestris 
7 7.1 0.3 x 2.0 Polygala amarella 
7.2 0.3 x 3.0 Polygala amarella 
Gentiana verna 
7s s l 3.0 x 3.5 Gentiana verna 
Polygala amarella 
7es2 1.5 x 3.0 Polygala amarella 
7.3 0.3 x 2.0 Draba incana 
Polygala amarella 
8 8.1 0.3 x 2.5 Draba incana 
Carex ericetorum 
deal 1.0 x 2.5 Draba incana 
8.2 0.3 x 2.0 Carex ericetorum 
8.3 0.3 x 1.5 Gentiana verna 
8ss3 2.0 x 2.2 Gentiana verna 
8B 8B.1 0.3 x 1.0 Gentiana verna 
SBssl 1.0 x 2.0 Gentiana verna 
8B.2 0.3 x 2.0 Viola riviniana 
8Bss2 0.7 x 1.2 Viola riviniana 
9 9.1 0.3 x 0.5 Viola rupestris x 
riviniana 
9 s s l 0.5 x 0.8 Viola rupestris x 
riviniana 
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SITE Permanent Quadrat No. 
Sample Site 
No. 
Size i n 
Metres Species Studied 
9 9.2 0.3 x 2.0 Viola rupestris 
9ss2 170 x 1.5 Viola rupestris 
9.3 0.3 x 1.0 Viola rupestris 
9ss3 1.0 x 2,5 Viola rupestris 
10 10.1 0.3 x 2.0 Gentiana verna 
10.2 0.3 x 3.0 Polygala amarella 
10382 1.0 x 3.0 Polygala amarella 
SfiflTCQW 48 METHOD PF RECORDfliG, 
Once the permanent quadrat had been located on the ground, a 
metal frame 30 centimetres by 100 centimetres with a movable cross-
piece, both marked i n half centimetres, was placed over this marked 
area. By placing the frame i n exactly the same place on successive 
v i s i t s , individual plants could be identified and their fate recorded. 
This i s similar to the method used by Watt (1960) and Tamm (1948, 1956a 
and 1972& and b). 
Detailed monitoring of individual plants, including very small 
seedlings, at about 1,600 feet above sea level, i n an area characterised 
by 60 to 70 inches of rain per year and almost constantly windy condi-
tions presented some problem i n recording. However, the method adopted, 
which i s described below, allowed for accurate recording of a l l the 
individuals within each permanent quadrat. 
Each plant (of the species being recorded) was originally identi-
fied by the co-ordinates of the frame. These were plotted on graph 
paper (scale 10:1) which was then placed in a thin plastic bag and sealed 
with F.V.G. adhesive tape, (the tape and adhesive i s waterproof). A 
seminnatt overlay ('Permatrace' drafting film) was attached to the plastic 
bag with the matt surface uppermost, and the corners of each metre were 
marked on this overlay. Records of the plants at each v i s i t were marked 
on the overlay using Staedtier-Mars 'lumochrom' leads which are waterproof. 
Sagar (1959) describes the use of a pantograph for recording Plantaeo 
lanceojLata. but for much smaller plants on the uneven ground and i n the 
windy and wet conditions this method would not have been suitable. 
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Al l plants, which were present at the end of a growing season, 
were marked on a new chart. Reference was made to these charts 
throughout the following year when the fate of the individual, that i s 
whether i t flowered, when i t died, etc., was recorded on the overlay. 
A l l additions, both seedlings and new vegetative shoots, "ere also 
recorded. A different coloured lead was used for each v i s i t and the 
date and a l l the changes were recorded i n the colour of the v i s i t . In 
this way, within any one permanent quadrat, the number of individuals, 
their fate and reproduction, (in terms of new vegetative shoots or 
seedlings), was followed. 
At the end of each growing season the charts, together with their 
overlay, were carefully checked. Individual plants were identified by 
tneir co-ordinates i n each metre length of the permanent quadrats, and 
in this way not only was the fate of new individuals recorded, but also 
that of plants surviving from previous years. 
The larger permanently-marked sample sites were recorded each year, 
when the total number of individuals was counted and the number of these 
which flowered noted. At each site attempts were made to count the 
number of buds, flowers and fruits per flowering plant and the number of 
seeds per capsule from a sample of 30 flowering plants and 30 capsules 
(one from each of 30 plants). In some areas, for some species, a sample 
of this size could not be collected and data for the number of seeds per 
capsule were often only obtained by collecting from the whole of the F e l l . 
Removal of the inflorescences by grazing also prevented complete records 
from being obtained for the number of flowers and fruits produced for some 
species. 
mvm 5? PATA PRESTOTON 
The total number of individuals i n each permanent quadrat, the 
total population or quadrat population, includes fiH the surviving 
individuals, a l l new vegetative shoots as they appear and seedlings 
which have survived to their second year. These records were made at 
least three times in any one year, although, i n 1969, due to changes i n 
personnel, some of the mid-season records were not made. Three main 
periods of recording were recognised i n the months of May and June 
(Spring), July and August (Summer) and September and October (Autumn). 
These data are plotted on^3 cycle log-normal graph with the date of 
recording visible along the horizontal axis. For each of the 6 species 
reported i n Chapters four to nine the total populations are shown 
separately for each permanent quadrat. 
The number of individuals recorded i n each quadrat when i t was 
f i r s t established, (the origin 1, TW*rat population), consists of i n d i -
vidual plants of varying ages. The survival of these mixed-age popula-
tions are shown by survivorship curves plotted on log-normal graph paper 
for each species. Half-life values, based on the decay of these groups 
of individuals from the time the quadrat was established to Autumn 1972, 
have been worked out uaiag the formula characterising the decay of a 
radioisotopes 
X = log No, 
Nt ' t 
Half - l i f e ~£ = l o g e 2 / ^ 
X i s a constant; No the total number of individuals 
i n i t i a l l y recorded i n each quadrat; Nt i s the 
number of these surviving after time t. 
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This formula assumes that the risk of mortality i s independent 
of the age of the individual. This i s true for almost a l l age groups 
of plants except seedlings of Draba i,ncana. where the risk of mortality-
i s much increased in the early stages of seedling establishment. Plants 
appearing f i r s t as seedlings have not been included i n the total popula-
tions or the original populations u n t i l their second year. Thus, since 
the mortality curves of a l l other age-groups of individuals are linear, 
indicating a constant risk of mortality, i t i s considered that the 
above formula can be used. 
t? f tfi a ? n " i i 1i survival over six-monthly periods (corresponding roughly 
to the Summer and Winter months) have been given together with the 
standard error. The rate of survival (q) i s expressed as the proportion 
of the individuals at risk (No) which survive to the end of the time 
period (Nt). 
Seedlings less than one year old are not included i n the number of 
plants considered to be 'at r i s k 1 , i n an attempt to exclude any dispropor-
tionate effects which might result from increased mortality of seedlings 
during the i n i t i a l stages of establishment. 
Thus q 
Standard error = 
Where p i s the rate of mortality 
q i s the rate of survival 
N i s the total number of individuals 'at risk' 
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Recruitment of both new vegetative shoots and seedlings appearing 
i n each of the permanent quadrats i s expressed as an annual rate per 
individual present i n the total population. In some cases recruitment 
i s a continuous process with seedlings and vegetative shoots appearing 
throughout the growing season* Here recruitment i s expressed as a rate 
per individual present at the time of the Summer recording. In some 
species, recruitment of seedlings occurs over a relatively short period; 
this i s particularly so for pr«hg l»V*flnflr Viola, rupestris and Viola 
riyinlanq where germination takes place i n the Spring. In these species 
annual seedling recruitment i s expressed as a rate per individual present 
i n the Spring of each year. 
Survival of groups of individuals of known age i s shown graphi-
cally, plotted on log-normal paper. For each species, a l l individuals 
'born1 at the same time within each of the permanent quadrats are summed 
for eaoh year. Seedlings and vegetative shoots are treated separately, 
the term 'born1 indicating the appearance of a new vegetative shoot or 
seedling between successive v i s i t s . 
The behaviour of the individuals i n each quadrat i s shown by 
diagrams similar to those of Tamm (1943, 195<aand 1972ajb); some reproduced 
i n Harper (1967). Individual plants are represented by a single vertical 
line taken i n sequence from one end of the permanent quadrat to the 
other. Time i s represented on the vertical axis and lines starting at 
the base represent individuals i n the i n i t i a l l y recorded, mixed-age popu-
lation, lines starting further up the time scale represent additional 
individuals, both vegetative shoots and seedlings. Where vegetative 
reproduction has been observed additions are shown as continuous lines 
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(see Gentiana verna). Additional seedlings are represented by a broken 
li n e for their f i r s t year only, and thereafter by a continuous line. 
(Note that i n the case of Draba incana many seedlings appear i n the 
Spring and have a high rate of mortality during their f i r s t few months. 
Surviving individuals are not, therefore, included i n the. diagram u n t i l 
the Autumn). 
Reproductive performance for species where seed i s produced under 
grazed conditions, Viola rupeatria. VJ,oJ,fl rcW.T'.flnfiT Pblveala amarella 
and Draba incana. i s expressed as the number of seeds produced per 100 
plants i n both permanent quadrats and sample sites. Where applicable, 
this figure i s given for the values summed between sites and between 
years. These figures give an indication of the actual number of poten-
t i a l new individuals (seeds) which are produced* Where possible these 
figures are based entirely on the data collected at each site. However, 
as already indicated, complete data are not always available and for 
some of the species overall values for some parameters (particularly 
seeds/capsule) have been used i n estimating seed production. 
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CHAPTER FOUR 
VIOLA RUPLSTRIS 
SECTION 1; INTRODUCTION 
y i o l a rupestns i s a small rosulate plant, wibn a short, central 
shoot, a basal rosette of leaves and a x i l l a r y flowering stems (Flora 
Europaea). Lateral branches, often underground, give r i s e to rosettes and 
so form a type of vegetative reproduction. As f a r as can be ascertained 
these branches do not develop a separate root system and should not be 
regarded as true vegetative reproduction. However, i t i s usually impossible 
to determine the connections without disturbing and destroying the plant, 
therefore, bhe ind i v i d u a l or 'unit of reproduction' has been defined as any 
rosette which arises from a seed or underground stem. 
Individual plants are perennial and r e l a t i v e l y long-lived dying down 
during the winter period, although i n Teesdale sometimes one or two small 
leaves are v i s i b l e which often develop a purple colouration. Some exposed 
stems of plants growing on bare eroding sugar limestone, show scars of 
previous years' leaves below the current year's l e a f y rosette. The number 
of scars indicate that a few plants may be quite old and the quadrat 
populations have a high proportion of mature individuals. 
I n open habitats flowering i s p r o l i f i c . This i s m sharp contrast 
to the areas where plants are growing i n closed t u r f and only l i m i t e d numbers 
of flowers are produced. Flowers are of two kinds; chasogamous (open) and 
cleistogamous (closed). The l a t t e r inbreeding mechanism produces most seedj 
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open flowers are usually l o s t before ripe seed can be produced as t h e i r 
peduncles are long enough to raxse the flowers above the leaves, making 
them more conspicuous and re s u l t i n g , perhaps, i n t h o i r being eaten by 
sheep. 
Replacement of the population i s slov and dependent, both on vege-
t a t i v e and sexual reproduction. The r e l a t i v e importance of these two 
modes of reproduction depends to some exbent on tho habitats i n which 
the plants are growing. Establishment of seedlings i s more important i n 
the open habitats where r e l a t i v e l y large numbers of ripe seeds are set. 
I n the closed sward where individuals ere widely spaced, a small number 
of flowers produce much smaller numbers of seed than i n the more open 
areas and seedlings are r e l a t i v e l y few. The very open s i t e at 9 was an 
exception -co t h i s general rule i n that although flowering and seed-set 
was quite p r o l i f i c only one seedling had been recorded i n the permanent 
quadrat during the study period. 
SECTION 2; PERMANZMT QUADRATS 
Four sites were selected on the sugar limestone s o i l s of Widdybanlc 
F e l l f o r the study of Viola rupestris. They f a l l conveniently i n t o two 
broad types; one where the vegetation was open, flowering r e l a t i v e l y pro-
l i f i c and the plants closoly grouped, the other where the vegetation was 
closed, flowers few and the individuals widely spaced. Tne open communi-
t i e s occurred at s i t e 2 near the reservoir's edge and s i t e 9 which was 
furthest from the reservoir on Uiddybank F e l l . Quadrats selected i n closed 
communities were situated at sites 3 and 6, the former on a south west 
facing slope j u s t above the reservoir, the l a t t e r some 20C metres further 
away. 
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Details of the vegetation i n each of the seven permanent quadrats 
are given below. Sample metres have beon mapped for quadrat 3.4 which 
had an almost completely closed tuzf and quadrat 9.3 which had a very 
open vegetation and was situated on eroding sugar limestone (Figures 2 
and 3). 
Quadrat 2.2 (disturbed) had a vegetation cover which was r e l a -
t i v e l y open being p e r i o d i c a l l y dibturbed by moles. Festuca ovira was 
the dominant species v/ith Seslena caerulea. Minuarta verna. Koeleria 
g r a c i l i s . Thymus drucei. Helianthemum chamaecistus. Briza media and 
Garex flacca also present. 
Quadrat 2.3 ( i open) was situated i n an area of open eroding sugar 
limestone a few yards from 2.2, which had approximately 13% of the quadrat 
without vegetation cover. Sesleria caerulea and Festuca ovma were 
dominant, with Thymus drucei. Helianthemum chamaecistus. Koeleria 
g r a c i l i s . Draba incana and Minuartia verna among the other species 
present. 
Quadrat 3.2 (closed) had an almost complete cover dominated by 
Festuca ovinu and Seslena caerulea with Kobresia simpliciuscula quite 
common m the sward. Other species present included: Plelianthemum 
chamaecistus. Antennana dioica. Plantaeo maritima. Iotue corniculatus. 
Garex P a p i l l a r i s . SelaEinella selaamoides. Gentiana verna. f ^ t e n t i l l a 
electa,, Gentianella amarella and Thymus drucei. 
Quadrat 3.4 (* closed) had a vegetation similar to that for 
quadrat 3.2 although a l i t t l e more open and a plan of a sample one metre i n 
length i s shown i n Figure 2. The t u r f was dominated by Sesleria, caerules 
and Festuca ovma with Plantaao maritima. Hieracium p i l o a e l l a . Kobresia 
simpliciuscula. Thymus drucei. Helianthemum chamaecistus and Solaeinella 
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selaainoides. I t can be seen that the vegetation was r e l a t i v e l y open 
with a few Viola rupestna plants which were widely spaced. 
Quadrat 6.2 (closed) was situated i n another area where the sward 
was almost completely closed with Seslena caerulea and Festuca ovina 
dominant. As i n quadrats 3_._2 and 3.4 plants of Viola rupestris were 
widely spaced and few i n number. Kobresis simpliciuscula was also 
present i n the quadrat together with Polygonum vivi^ea^um. Linun 
catharticum. Primula farinosa. Thymus drucei. Briza media and 
Helianthemum chameecistus. 
Quadrats 9.2 (£ open) and 9.3 (open) were both r e l a t i v e l y open 
and situated on very dry eroding sugar limestone. Plants of Viola 
rupestris were present i n r e l a t i v e l y large numbers, grouped closely 
togetner. Seslena caerulea and Festuca ovina were dominant with 
Thymus drucei and Helianthemum chamaecistus among the other species 
present. Quadrat 9.3, the vegetation of which i s shown i n Figure 3, 
was very open with 45% of the area bare ground or covered by a low 
cushion of moss/lichen with T o r t e l l a bortuosa the dominant moss. 
Quadrat 9.2 had a much more derse vegetation with only 17?; of the area 
bare ground or covered with moss/lichen. I n t h i s quadrat the vegetation 
was rather t a l l e r than that i n quadrat 9.3 although not as dense as the 
quadrats at sites 3 and 6. 
One sample s i t e f o r the recording of reproductive performance was 
situated at each of the sites 2 and 3 and quadrats 6.2, 9.2 and 9.3 each 
had a sample s i t e associated with them. Details are given m Chapter three. 
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MAP OF VEGETATION IN QUADRAT 9.3 
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MAP OF VEGETATION IN QUADRAT 3.4 
Viola rupeatr^s 
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SECTION 3; POPULATION FLUX 
Over the period of recording, the t o t a l number of individuals i n 
each quadrat remained at or above that of the o r i g i n u l l y recorded mixed-
age population (Figure 4). Increases m the number of individuals 
ranged from 55% f o r quadrat"2.3 to 10% f o r quadrat 3.4. Only quadrat 9.3 
did not show any overall increase, i n f a c t an increase i n 1972 was pre-
ceded by a decrease i n 1971 such that the quadrat population i n the 
Autumn of 1972 was the same size as the o r i g i n a l population. 
Change i n the quadrat populations from season to season was 
ir r e g u l a r with increases i n the number of individuals occurring both 
during the Summer months and between the Autumn and Spring records. Wnere 
there \;as an ov e r a l l loss of individuals from the quadrats, t h i s usually 
occurred during the Summer months. 
Survivorship curves f o r the o r i g i n a l l y recorded mixed-age population 
m each quadrat are shown i n Figure 5. The curves are remarkably l i n e a r 
indicating that over the period of recording the rate of loss of i n d i v i -
duals remained constant, i . e . the r i s k of m o r t a l i t y was independent of 
t h e i r a&e. Only quadrat 6.2 showed any sudden decline i n numbers and 
t h i s was due to the loss of a group of individuals i n 1969, which may 
have been uprooted by sheep. Superimposed on these curves thero i s a 
seasonal o s c i l l a t i o n which indicates that there was a greater r i s k of 
mo r t a l i t y during the growing season. This i s p a r t i c u l a r l y marked i n the 
curve f o r the o r i g i n a l population i n quadrat 9.3 where i n both 1970 and 
1971 the gradient dips quite steeply over the summer months. 
Linear survivorship curves showing similar seasonal o s c i l l a t i o n s 
were also obtained f o r Plantago lanceolata. Sagar (1959) and mature 
populations of three species of buttercup Sarukhan (1971). In the f i r s t 
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of these studies the slope of the curves was steeper between A p r i l and 
June and i n the second during Spring and early Summer. Sarukhan and 
Harper (1973) suggest that the demands f o r l i m i t e d resources may be 
responsible f o r regulating m o r t a l i t y i n the three species of buttercup 
and that rigours of climate_play only a minor r o l e , a conclusion which 
might seem also to apply to Viola rupestns. 
The survivorship curves f o r Viola rupestris are r e l a t i v e l y shallow 
i n addition to being l i n e a r , indicating that the rate of turnover of 
individuals i s slow. H a l f - l i f e values based on the decay i n the number 
of individuals i n the o r i g i n a l population over the period of recording 
(see Table a) indicate that the time taken f o r complete replacement of 
individuals may take as long as 32 years. 
The h a l f - l i f e values show a two-fold difference between quadrats, 
with the higher values being obtained for the individuals i n the 
quadrats 2.3 and 9.2 which were f a i r ] y open. The lowest value was 
obtained f o r the individuals i n quadrat 6.2 where the sward was quite 
vigorous and included Kobresia sinroliciuscula. The h a l f - l i f e values f o r 
the individuals i n the other quadrats are i n between bat with quadrats 
3.2 and 3.4 having quite low values. This may, as with quadrat 6.2, 
have been associated with greater i n t e r s p e c i f i c competition increasing 
the r i s k of m o r t a l i t y i n the closed grass sward. Results f o r quadrats 
2.2 and 9.3 are lower than might be expected i f indeed i n t e r s p e c i f i c 
competition was important i n increasing the r i s k of mo r t a l i t y . However, 
quadrat 2.2 was situated i n an area p e r i o d i c a l l y disturbed by moles and 
quadrat 9.3 extremely open, both factors may have helped increase the 
r i s k of m o r t a l i t y of i n d i v i d u a l plants which i s suggested by the lower 
h a l f - l i f e values. 
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Table a 
HALF-LIFE VALUES 
Viola rupestris 
Quadrat H a l f - l i f e (years) No. 
(disturbed) 9 62 
2.3 
(1 open) 
14 38 
3.2 
(closed) 10 31 
3.4 
( t closed) 11 20 
6.2 
(closed) 8 23 
9.2 
(1 open) 16 89 
9.3 
(open) 11 55 
No. - dumber of individuals i n the o r i g i n a l l y 
recorded mixed-age quadrat population 
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SECTION 4; SEASONAL SURVIVAL AND ANNUAL RECRUITMENT 
Seasonal survival over approximately sax-monthly periods, 
(corresponding roughly with the Summer and Winter seasons) varied quite 
considerably both between quadrat and between season (Table b). The 
in d i v i d u a l values represent the proportion of plants surviving over 
each period expressed as a rate per in d i v i d u a l present at the beginning 
of each time i n t e r v a l . For t h i s species the number »ab r i s k * includes 
a l l surviving vegetative shoots regardless of t h e i r age, together with 
seedlings which survived one winter period. Further d e t a i l s of the 
presentation of these figures are given i n Chapter three. (Figures are 
not available f o r some quadrats i n some seasons because the permanent 
quadrats had not at the time been established). 
The lowest single rate of survival occurred during the Summer 
season of 1970 f o r the individuals i n quadrat 2.3; four of the quadrats 
by comparison had survival rates of 1.00 i n at least one season. Although 
the rates varied a great deal, the lower seasonal values f o r each quadrat 
tended t o occur i n the same season. When comparisons are made between the 
o v e r a l l values f o r each of the seasons, Summer 1969 and 1970 had rates 
which are s t a t i s t i c a l l y , s i g n i f i c a n t l y lower at the % l e v e l of proba-
b i l i t y than the other rates, with the exception of that f o r the V/inter 
period 1968/69. However, t h i s l a s t value i s also s i g n i f i c a n t l y d i f f e r e n t 
at the % l e v e l from the other values. 
By comparison, differences i n the overall survival rates shot; no 
s t a t i s t i c a l l y s i g n i f i c a n t differences at t h i s l e v e l of p r o b a b i l i t y between 
the quadrats. These results suggest that the r i s k of m o r t a l i t y i s 
increased by seasonal factors operating mainly during the growing season. 
These probably included i n t e r s p e c i f i c competition, discussed i n Section 3 
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and perhaps other factors such as grazing and the effects of 
physiological stress on individual plants, brought about by growth 
and reproduction. 
The fact that the seasonal values throughout the period from 
Winter 1968/69 to Summer 1970 were lower than f o r the following four 
seasons, might be related to the lower temperatures experienced m 
the Winters of 1968/69 and 19&9/70 (see Figure l ) . These more extreme 
environmental conditions could well have imposed greater stresses on 
individuals r e s u l t i n g not only i n an increased r i s k of mortality during 
these Winter periods but also during the following growing seasons. 
By comparison, the Summers of 1971 and 1972 were preceded by 
Winters m which mean monthly temperatures did not f a l l below freezing-
point and thus stresses imposed on the plants may have been less intense. 
Recruitment i n 7 i o l a rupestris i s by the production of underground 
branches which often give rise to rosettes and by the production of seed, 
i t s germination and subsequent establishment of the seedlings. New vege-
t a t i v e shoots appear throughout the growing season and t h e i r recruitment 
to the quadrat populations i s expressed as a rate per individual present 
i n the quadrats at the time of the mid-season recording, June to July. 
Seedlings appear i n the Spring and i n t h i s case recruitment i s expressed 
as a rate per in d i v i d u a l present i n the quadrat at that time of year. 
The rate of recruitment of new vegetative rosettes i n t o the quadrats 
varied a great deal (Table c). I n two of the quadrats, 3.4 and 9.2, i n 
1970 and 1969 respectively no new individuals were recorded, whilst 
quadrat 3.2 had the highest individual value of 0.67 i n 1970. Despite 
t h i s large v a r i a t i o n i n the individual figures the very high recruitment 
rate recorded i n quadrats 2.2, 2.3, 3.2 and 6. 2 i n 1970 are a s i g n i f i c a n t 
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feature of the r e s u l t s shown i n Table c. The o v e r a l l figure for that 
year i s twice as large as for any of the other years, and perhaps r e f l e c t s 
the more favourable climatic conditions experienced m 1970 (see Chapter 
three). 
Differences bpf.voen the overall recruitment rates for the individuals 
i n each quadrat are l e s s marked and appear to be unrelated to the extent 
of vegetation cover i n the quadrats. Thus quadrat 9.2, which was f a i r l y 
open, had the lowest o v e r a l l recruitment of individuals with quadrats 3.4 
and 9.3 intermediate values and the other quadrats higher values. These 
other quadrats include quadrat 6.2 which had a very closed vegetation and 
quadrat 2.3 which was r e l a t i v e l y open. 
Seedling recruitment also varied a great deal; however m t h i s case 
differences were more marked between quadrat than between year. The 
highest o v e r a l l recruitment figures occurred i n quadrat 2.2 and were, over 
the four year period, greater than for any other quadrat. The lower o v e r a l l 
values occurred i n quadrats 3.4, 6.2 and 9.3 \n.th quadrats 2.3, 3.2 and 
9.2 having values i n between (see Table d). 
The higher annual rates of recruitment of seedlings observed for 
quadrat 2.2 may well be related to the f a c t that the vegetation was 
p e r i o d i c a l l y disturbed by moles. Disruption of the t u r f may have created 
optimum conditions for seed germination and establishment i n the patches 
of exposed s o i l . Recruitment rates for quadrats 2.3 and 9.2 which were 
both r e l a t i v e l y open, although the s o i l was too shallow for moles to be 
active, were also quite high. 
Very low recruitment figures for the individuals i n quadrats 3.4 
and 6.2 may have been related to the very closed vegetation which could 
have r e s t r i c t e d seed germination. However, i n these areas seed production 
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was very small and the effect of a closed sward on the a b i l i t y of plants 
to flower and set seed may have playod a more important r o l e i n deter-
mining these low recruitment figures. As we w i l l see i n Section 6, 
quadrats situated i n areas where flowering was p r o l i f i c were also the 
quadrats uhere th«* seedling recruitment was high. 
Quadrat 9.3, however, provides an exception to t h i s conclusion 
i n thaL although situated i n an area where the number of seed set was 
high i t had the lowest overall seedling recruitment. I n f a c t , over the 
study period only one seedling wes recorded i n the quadrat. The habitat 
was very exposed with a patchy cushion-like vegetation and the low germi-
nation may have been related to the extreme conditions which might be 
expected to be experienced at ground l e v e l . 
Quite large differences are also apparent when comparisons are 
made between years for the r e s u l t s shown i n Table d. Germination i n 1969 
was much greater than i n the other three years and t h i s may well be linked 
to the much lower mean temperatures experienced m the preceding Winter 
of 1968 /69 . Although the seedling recruitment rate for 1970 was not as 
high nevertheless i t was greater than 1971 and 1972. Again the mean a i r 
temperature i n the preceding Winter 1969/70 was low,dropping below freezing-
point i n several months m sharp contrast to the Winter periods 1970/71 and 
1971/72 when the mean monthly a i r temperature remained abovo the freezing-
point throughout (see Figure l ) . V iola r u p e s t n s seed requires c h i l l i n g 
before germination can occur and the low rates of seedling recruitment m 
1971 and 1972 could be related to the r e l a t i v e l y high temperatures i n the 
preceding Uinters. 
Recruitment to the quadrat populations, both by means of the production 
of new rosettes and by seed germination and seedling establishment, 
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resulted during the study period i n the t o t a l number of individuals i n 
each quadrat being maintained, a t l e a s t at the l e v e l of the o r i g i n a l l y 
recorded mixed-age population. Overall, vegetative reproduction was of 
greater significance to the maintenance of the population,with annually 
16 nev vegetative shoots being produced per 100 individuals i n the 
quadrat populations compared with 13 seedlings. 
SECTION 5: AGE-SPECIFIC SURVIVAL AMD AGS-DISTRIBUTION 
Survival of individuals of known age was independent of the age 
of the individual. This i s indicated by the curves shown i n Figure 6 
which, with the exception of that for the seedlings which appeared i n 
1969, a l l correspond to Deevey (1947) type 2. The l i n e a r nature of these 
curves when plotted on a logarithmic scale implies that for individuals 
•born* a t the same time there i s a constant r i s k of mortality tnrough-
out the l i f e of the individual. Curves are presented for both seedlings 
summed for a l l quadrats i n each year (continuous l i n e ) and for additional 
vegetative shoots also summed for a l l quadrats i n each year (broken l i n e ) . 
During the study period the majority of seedlings appeared i n the Spring 
and therefore the survivorship curves for each age-cohort s t a r t a t that 
time. On the other hand new vegetative shoots were recorded throughout 
the growing season and i n order to simplify the graphs a l l new rosettes 
appearing i n each year are shown as a Summer t o t a l . 
* 'Born1 i s used i n t h i s context to indicate that a new individual had 
been recorded m the quadrat either as a new vegetative rosette 
or seedling. 
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The fac t that a l l the curves but one are l i n e a r i s perhaps sur-
p r i s i n g , since i t might have been expected that seedling mortality 
would be greater during the i n i t i a l stages of establishment. However, 
only seedlings recruited i n 1969 showed t h i s pattern of mortality; the 
survivorship curves for the other seedling groups show-that even daring 
the period immediately following germination the rate of mortality i s 
low. Annual weedy species i n p a r t i c u l a r show very high seedling mor-
t a l i t y ; however t h i s i s associated with the production of large numbers 
of often very l i g h t seed. In these species di s p e r s a l i s a l l important, 
enabling exploitation of disturbed areas wnere i n t e r s p e c i f i c competition 
i s almost non-existent. 
Viola r u p e s t r i s on the other hand has a r e l a t i v e l y slow rate of 
turnover, and a correspondingly low requirement for the recruitment of 
new individuals. I n t h i s species, m addition to the steady replacement 
by new vegetative shoots, i n open areas the production of small amounts 
of large seed, provides a source of new plants. The s u r v i v a l rate of the 
r e l a t i v e l y large seedlings i s high and this i s due, i n part at l e a s t , t o the 
seed s i z e . 
The r e l a t i v e l y low rate of mortality m t h i s species i s emphasised 
by the large proportion of older individuals present i n each quadrat at 
the end of the study period (Table e ) . I n a l l but quadrat 2.2, which was 
situated on the most unstable substrata, approximately h a l f of the 
individuals present at the end of the study period (Autumn 1972) were 
surviving members of the o r i g i n a l quadrat population. 
The table gives a c l e a r indication of the r e l a t i v e importance of 
the two modes of reproduction to the maintenance of the quadrat popula-
tions. Only i n quadrat 9» 2 was the germination and establishment of 
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seedlings more important than vegetative reproduction i n providing 
replacement individuals and i n t h i s quadrat two thirds of the surviving 
new plants originated from seed. I n quadrat «d. 2 there was almost equal 
emphasis on both forms of reproduction whilst i n quadrats 2.3 and 3.2, 
although seedling recruitment was important, a larger proportion of 
replacement individuals were from vegetative shoots. Maintenance of 
the populations m quadrats 3o4, 6.2 and 9.3 was almost e n t i r e l y depen-
dent on the appearance of new shoots. 
In a l l but quadrat 9.3 the importance of the establishment of 
seedlings to the su r v i v a l of Viola r u p e s t n s appears to be related to 
the extent of the vegetation cover. The smaller number of individuals 
originating as seedlings i n quadrats with a closed vegetation may be a 
dir e c t r e s u l t of the reduction i n the a b i l i t y of plants to flower and 
set seed i n t h i s type of habitat (see Section 6 ) . 
SECTION 6; REPRODUCTIVE PfcRFORIlAFCE 
The a b i l i t y of individual plants of Viola r u p e s t r i s to flower, 
f r u i t and set seed i s d i r e c t l y related to the density of the vegetation 
i n which they were growing. The rate of production of seeds (potential 
new plants) for the four different c i t o s selected for t h i s species on 
Widdybank F e l l i s shown i n Table f. 
The highest rate of seed production per 100 plants was observed at 
s i t e 9 (open), where data were collected from quadrat 9.3 and sample 
s i t e 9ss3. At t h i s s i t e the plants, which were growing i n an extremely 
open situation, flowered freely. Over the four years for which data are 
available 33% of the individuals flowered i n each year. Many of the 
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plants which flowered went on to produce f r u i t s , mostly from closed 
flowers. 
Of the f a i r l y large number of plants recorded at s i t e 9 (1 open) 
22% flowered and although m absolute terms the numlber of flowering 
plants was higher, in. fact feuer f r u i t s were formed. Overall t h i s 
resulted i n a much smaller number of seeds being produced m r e l a t i o n 
to bhe botal number of planus recorded i n t h i s area where the vegetation 
was more vigorous than at s i t e 9 (open). The r e s u l t s for t h i s s i t e 
include data from quadrat 9 . 2 and sample s i t e 9 s s 2 . 
At sibe 2 where the plants were sibuated i n an area where the 
vegetation was quibe vigorous but open, the rate of production of seed 
was r e l a t i v e l y high. As at sibe 9 (± open) a large number of plants 
pioduced a large number of flowering individuals. In t h i s case the 
number of f r u i t s was also high although when the amount of seed produced 
i s related to bhe t o t a l number of plants recorded i t can be seen that 
bhe rate of production i s approximately bhe same as for s i t e 9 (1 open). 
The r e s u l t s for s i t e 2 include data from quadrats 2 . 2 and 2 . 3 i n addition 
to one sample s i t e 2 s s 2 . 
At a l l three of these s i t e s the density of individuals of VjLola 
r u p e s t n s was high and i t was possible to samplG a f a i r l y large number 
of plants. Open flowers were quite abundant i n theso areas although 
only a r e l a t i v e l y small number produced ripe capsules. I t i s possible 
tnat the flouer with i t s r e l a t i v e l y long, peduncle, which elongates s l i g h t l y 
as the f r u i t develops, may have been eaten by sheep. Closed flowers pro-
duced throughoub bhe growing season on Widdybank F e l l were recorded i n 
f a i r l y high numbers at these three s i t e s and a large proportion produced 
ripe fruibs. I n t h i s case the peduncle was short and not conspicuous 
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u n t i l the f r u i t became erect v/hen ripe, and i n t h i s way was probably 
overlooked by the sheep. 
No f r u i t s were recorded from s i t e s 3 or 6 where the vegetation 
was almost completely closed during the sbudy period. At both thbse 
s i t e s only a very small proportion of the_ plants flowered, 3% and 5% 
for the s i t e s 3 and 6 respectively. The r e s u l t s include data from 
quadrats 3.2, 3.4 and sample s i t e 3 s s l for s i t e 3 and quadrat 6.2 and 
sample s i t e 6ss2 for s i t e 6. 
In contrast to s i t e s 9 (open), 9 (- open) and 2 the density of 
individual plants of Viola rupestris at s i t e s 3 and 6 was low. Very 
few closed flowers and almost no open flowers wero produced. Although 
no ripe f r u i t s were observed at these s i t e s , seedlings were recorded. 
This suggests that at some time seed may have been set and remained i n 
a viable state i n the s o i l , or thac seed was transported into the area 
by animal agonts such as sheep or man. 
Overall, these r e s u l t s show that seed production i n Viola rupestris 
was adversely affected by the proximity of other vegetation. The very 
low rcproducGive performance of the plants growing i n the closed habitats, 
whore population density was low, suggests that the species may be near 
the l i m i t of i t s tolerance m these conditions. This r e s u l t would seem to 
confirm the statement made by Valentine and Harvey (1963) that Viola 
r u p e s t n s ' i s generally a species of open habitats, and i t does not occur 
i n dense shade or where the community i s completely closed'. 
Differences i n the a b i l i t y of plants to flower and set seed are 
much l e s s marked when the r e s u l t s are presented so that yearly values 
can be compared (Table g). By f a r the greatest number of seeds were pro-
duced i n 1970 and 1971, and i n the f i r s t of these years the higher value 
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may have been related to bhe more favourable climatic conditions i n 
that year (see Chapter three, Figure l ) . 
SZCTIOH 7; SPECIES BIOLOGY 
Viola r u n e s t r i s i s a perennial species with a r e l a t i v e l y high 
individual longevity. There were no ob^xous signs of grazing or 
pulling oat by sheep and longevity does not appeor to have been af i"ectod 
by the plant flowering. Although a few individuals died af t e r flowering 
t h i s was the excoption rather than the rule and a number of individuals 
flowered i n a l l four years of the study (Figures 7, 8 and 9 ) . These 
show the behaviour of bhe populations i n quadrats 3.2, 3.4, 9.2 and 
9.3 and d e a r l y i l l u s t r a t e that individuals may flower (broken and 
dotted l i a c ) i n more than one year. (After Tamm 1948). 
Plants can flower when they are only one year old, although t h i s 
has only been recorded for plants grown from seed i n pots i n Durham City, 
Valentine and Harvey (1963). Under natural conditions i n Teesdale up to 
the end of the study period, at l e a s t , only one plant established i n the 
quadrats from a seedling had flowered but t h i s was not u n t i l i t was four 
years old. I n the some quadrat (2.2) a few vegetative additions had also 
flowered, one i n i t s second yoar. The more extreme cl i m a t i c conditions 
prevalent i n Upper Teesdale appear to r e s t r i c t the rate of development 
of individuals, such that the age at which a plant developed from a seed-
l i n g and possibly a vegetative shoot reaches maturity and flowers, i s 
delayed. 
Seed was set i n a l l four years of uhe study, mainly from f r u i t s 
developed from closed flowers. Details of the mean number of 
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flowers and f r u i t s from plants producing both open and closed flowers 
are given i n Table h. The mean number of seeds per capsule i s also 
given for capsules produced fiom closed flowers. Data have been collected 
for each of the three s i t e s mainly from the permanent quadrats and sample 
s i t e s as specified m Section 6, although capsules had to be collected 
from a wider area. (As ripe capsules were r e l a t i v e l y infrequent only a 
small amount; of beed was removed from the F e l l ) . Data are not available 
for s i t e s 3 and 6 as very few plants flowered and none produced capsules. 
The mean number of open flowers and f r u i t s from open flowers per 
flowering plant was much smaller i n a l l seasons and at a l l s i t e s than the 
mean number of closed flowers and f r u i t s from closed flowers. Over the 
four years, only i n 1969 was there any appreciable number of open flowers, 
or f r u i t s from open flowers produced. 
When comparisons are made between years, 1*569 appears to have been 
the best year for the production of f r u i t s from both open and closed 
flowers. The only discernible differences for the r e s u l t s when compari-
sons are made between quadrats are for the number of open flowers, where 
the largest number have been produced i n a l l four years at s i t e 2. 
Ghasmogamous (open) flowers appeared i n the l a t t e r part of A p r i l at 
Arnside, Valentine and Harvoy ( l 9 6 l ) and i n i»Iay at the other two higher 
s i t e s i n B r i t a i n , including Upper Teesdale. This flowering was limited 
to only three or four weeks. Cleistogamous (closed) flowers started to 
appear i n toay and continued through the season to September i n 1969, 
1971 and 1972 on Widdybank F e l l and even into October i n 1970. On one or 
two plants, ripe but undehisced f r u i t from open flowers was present at the 
same time as young f r u i t s from closed flowers. F r u i t s from closed flowers 
were produced from mid-July to mid-August, by which time most had been 
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formed. These f r u i t s can be distinguished from f r u i t s from open flowers 
by t h e i r short peduncle and the absence of a s t y l e . 
On Widdybank F e l l seed germination lias been recorded i n A p r i l and 
May although most seedlings appeared m May. 
Open flowers have been n^. s i t e d by dipterous in s e c t s on l/iddybank 
F e l l , (personal communication J. Muggleton, 1969), and by Bombus spp. 
(personal communication h. E. Bradshaw, 1970). The spur was found with 
b i t e s which were s i m i l a r to those made m the calyx tube of Gentlana 
verna by Bombus lucorum. A detailed analysis of the f l o r a l biology of 
Viola r i v i m a n a . Viola h i r t a and Viola reichenbachiana i s given i n 
Beat ti e (1969). 
A hybrid between Viola rupestris and Viola r i v i n i a n a which occurs 
on Uiddybank F e l l was not discovered at the other Pennine s i t e where the 
two species occur together, (personal communication to. E. Bradshaw, 1971) 
and has not been reported i n the l i t e r a t u r e from any other l o c a l i t y i n 
Europe. The hybrid flowers p r o l i f i c a l l y , but i s s t e r i l e , clones of 
several square metres develop from the soholes (root shoots) a character 
inherited from the Teesdale Viola r i v i n i a n a parent. More d e t a i l s of the 
biology of t h i s species are given i n Chapter s i x . 
Dispersal of the seeds of Viola rupestris. which are quite large, 
would appear to depend on animals. Seeds of Viola spp. have an o i l y 
appendage, the elaisome, also found i n PolyRala spp. which a t t r a c t s 
ants that carry the seed away, Ridley (1930). Ants are known to be 
common on Widdybank F e l l and may, as i n the case of quadrat 9.3, be 
responsible for the removal of seeds from the quadrat, thus preventing 
germination i n that quadrat. 
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Germination has taken place i n the Spring both on Widdybank F e l l 
and m Durham. In Durham seed sown i n the Autumn germinated the 
following Spring and i t i s l i k e l y that a long c h i l l i n g period i s neces-
sary. I n Viola raviniana seed s i x weeks' c h i l l i n g did not produce any 
germination. Harvey (1962I. For successful germination Viola rupestris 
should be sown outside before November. The cotyledons on the F e l l were 
large, but growth of the seedlings was slow with cotyledons pers i s t i n g 
throughout the f i r s t growing season. 
SECTION 8; LIFE STRATEGY 
Viola rupestris i s a long-lived perennial species. The present 
study reveals, when h a l f - l i f e values are calculated from the decay i n 
the number of individuals i n the mixed-age populations when each perma-
nent quadrat was set up, that some plants may l i v e for 32 years or longer. 
Other workers Williams (1970) for Ohloris a c i c u l a r i a i n ungrazed meadows, 
Blake (1935) for a number of p r a i r i e plants and Robotnov (1960) for 
Trifolimn pratense i n sub-alpine meadows have reported l i f e spans for 
individual plants of some 48, 10-30 and 20 years respectively. By compari-
son Antonovics (1972) for Anthoxanthum odoratum growing on a zinc mine, 
found that only a few individuals l i v e d for more than 5 years. Tnus 
individuals of Vi o l a rupestris have a r e l a t i v e l y long l i f e when compared 
with these other perennial species. Even where individuals were growing 
i n very closed t u r f , vrhich appears to reduce longevity, h a l f - ] i f e values 
indicate that some plants may l i v e for as long as 16 years. 
Mortality i s a continuing r i s k throughout the l i f e of the plant and 
i s not affected either by the age of the individual or whether i t flowers. 
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Loss of individuals may be by natural senescence or through uprooting 
by sheep or humans. Damage caused by sheep and perhaps other animals 
could leod to mortality although so f a r t h i s has not been tound i n the 
few plants which were observed to be p a r t i a l l y eaten. During the 
present study i t "as not possible to determine the r e l a t i v e importance 
of these factors but there was l i t t l e d i r e c t evidence of l o s s of 
individuals by uprooting. 
The r e l a t i v e l y low annual rate of mortality of Viola r u p e s t n s 
which i s associated with high longevity, requires a f a i r l y low rate of 
recruitment bo ensure maintenance of the population. Recruitment i s by 
bhe production of r e l a t i v e l y small numbers of vegetative shoots and by 
the productiuii o£ r e l a t i v e l y amall numbcro of vogobativo shoots and by 
seed germination, both of which occur over a long period of time. New 
vegetative shoots were produced at an annual rate of 16 per 100 plants 
present i n the population during the Summer. Seedlings appeared at an 
annual rate of 13 per 100 plants present i n the population during the 
Spring. 
I t would appear that t h i s species i s a repeating producer. Plants 
do not usually flower u n t i l they are more than 4 years old i n the case 
of individuals established from seedlings, and 2 years for new vegetative 
shoots except under favourable c l i m a t i c conditions, such as i n lowland 
Durham. So f a r the study has not revealed the age at which most r e c r u i t s 
f i r s t floi/er; r e l a t i v e l y few new plants whether established from seedlmg3 
or vegetative shoots had flowered by the end of the four-year study 
period. However, i t i s c l ear that once mature, the plants are able to 
flower m successive years and presumably produce new vegetative shoots 
also (Figures 7, 8 and 9 ) . The low seedling recruitment rate i s 
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associated i n t h i s species with a f a i r l y lov annual seed y i e l d (73 per 
100 plants), and r e l a t i v e l y low r i s k of mortality during the early 
stages of seed germination and establishment. 
Robotnov (1960) found a very s i m i l a r l i f e strategy for Trifolium 
pratense groving i n «?ub-alpine meadows. Here plants did not flower 
u n t i l they were 5 to 10 years old, a f t e r which they flowered either i n 
successive years or eveiy 2 or 3 years u n t i l some individuals were 20 
years old. Here individual longevity was combined with low seed y i e l d 
and slow replacement, although unlike Viola rupestris there was no form 
of vegetative reproduction. Polveala amarella (Chapter seven) also has 
a l i f e strategy s i m i l a r to bhat for Viola r u p e s t n s and Trifolium 
pratense. although i n t h i s species population turnover i s more rapid 
and seed y i e l d s l i g h t l y greater. 
Differences i n the behaviour of the populations i n the permanent 
quadrats gives some insight into the factors controlling the population 
of Viola r u p e s t n s on i/iddybank F e l l . C l e a r l y the nature of tne surround-
ing vegetation i s extremely important to t h i s species which, throughout i t s 
range, grovs m open habitats on l i g h t base-rich s o i l s . As has already 
been stressed the reproductive a b i l i t y of the plants i s adversely affected 
when they are present i n 3 closed grass sward. I n t h i s habitat plants are 
widely spaced and few i n number. As a r e s u l t the number of individuals 
recoided i n the quadrats was also quite small, see Figure S, where the 
behaviour of the individuals i n quadrats 3.2 and 3.4 i s shown. From t h i s 
Figure i t can c l e a r l y be seen that only a small number of pHants flower 
and that there are few seedlings and r e l a t i v e l y few new vegetative shoots. 
The behaviour of the individuals i n quadrats 2. 2 and 9.2 by contrast 
(Figures 7 and 9 respectively) i s e n t i r e l y different. Here there are a 
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large number of individuals many of which flower, and i n both quadrats 
seedling recruitment i s high. I t i s i n these r e l a t i v e l y open areas 
•chat Viola r u p e s t n s appears to be growing under optimum or near 
optimum conditions. Survival of the plant i n the closed sward i s 
precarious and may well i n the long term r e l y on seed being brought _ 
into the area3 from habitats where seed i s set or the occasional plant 
which flowers and sets seed m these closed habitats. 
The o v e r a l l effect of the close proximity of other species i n a 
closed grass sward appears to be a reduction i n the density of i n d i v i -
duals. Sagar and Harper (l96l) for Plantago spp. i n grassland and 
Putwain and Harper (1970) for Rumex spp. found that grasses played an 
important part i n r e s t r i c t i n g the population size of plants. Removal 
of grass species i n both cases resulted i n an increase i n population 
s i z e . I t appears that i n Viola r u p e s t n s i n t e r s p e c i f i c competition 
r e s t r i c t s population s i z e by preventing seed production. Without t h i s 
mode of reproduction the population i s unable to expand by exploiting 
open habitats. 
Clearly the su r v i v a l of t h i s species i s c l o s e l y related to the 
presence of eroding sugar limestone or areas of t u r f which are periodi-
c a l l y disturbed. For the species to have survived through the forest 
maximum to the present day open habitats must have existed throughout. 
Plants can survive i n grazed grassland and Turner et a l . (1973) suggest 
that grassland communities were present during the forest maximum. I t : 
possible therefore that Viola r u p e s t n s has survived since the l a t e 
g l a c i a l period i n habitats similar to those that e x i s t today. 
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CHAPTOt FIVE 
VIOLA RIVINIANA 
SECTION Is INTRODUCTION 
The small rosulate plant, which develops from a seed m Teesdale 
produces new vegetative shoots from advenbitious shoots on the roots 
(soboles), Valentine (1949). As with Viola rupestns inter-connections 
of these cannot be ascertained without much damage to the individuals, 
therefore, the 'unit of reproduction 1 has been defined as any rosette 
ar i s i n g from a seed or underground shoot. 
The mature plant, whether i t has arisen from a seedling or vege-
t a t i v e shoot, has <x short central shoot, a bo sal rosette of leaves and 
a x i l l a r y flowering stems. I t i s very variable m size (Flora Europaea). 
I t does not seem bo produce the short underground branches terminating i n 
rosettes which are found m Viola rupestns. 
Longevity i s high and replacement of individuals, both by the pro-
duction of vegetative shoots and by the establishment of seedlings, i s 
correspondingly low. Seed has been set i n a l l four years of the study 
and the establishment of seedlings plays a s i g n i f i c a n t role i n the 
replenishment of the population, although there are some differences i n 
i t s r e l a t i v e importcaice between d i f f e r e n t sites. 
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SECTION 2; PERMANENT QUADRATS 
Three sites were selected f o r t h i s species on Widdybank F e l l . 
Site 3 was situated close to the reservoir's edge and here two 
permanent quadrats were established, one i n 1968 and the other i n 1970. 
Sites 6 and 8B were further from the reservoir, the former 200 to 250 
metres, the l a t t e r over 500 metres from top waber-lme. Viola n v i m a n a 
was abundant on the sugar limestone s o i l s on Widdybank F e l l where Viola 
rupestris was infrequent, p a r t i c u l a r l y i n moister areas v/here there was 
possibly a t h i n layer of g l a c i a l d r i f t below the s o i l . Viola r i v i n i a n a 
l b s e l f was only very occasional where Viola rupestris was abundant and 
e n t i r e l y absent from the open areas of eroding limesbone where Viola 
rupestris was dense and flowered p r o l i f i c a l l y -
Quadrat 3.1 conbained a r e l a t i v e l y dense cover of Sesleria caerulea 
with Festuca ovina and Kobregia simpliciuscula and there was l i t t l e or no 
bare or moss-covered ground. The vegetation included, m addition, 
Helianthemum chamaecistus. Antennana dioica. Briza media. Carex c a p i l l a r i s . 
Gentiana verna. Thymus drucei. Plantaeo maribima and Flantaeo lanceolata. 
Quadrat 3.5 also had a dense vegetation cover dominated by Festuca 
ovina and Sesleria caerulea. In t h i s case Oalluna vulgaris was also 
present although only sparsely, with Briza media. Botrvchium lunarium. 
Plantaeo lanceolata. Thymus drucei. Helianthemum chamaecistus. Pobentilla 
erecta. Koelena g r a c i l i s . Viola t r i c o l o r and a l i t t l e Kobresia 
simpliciuscula. 
Quadrat 6.1 was dominated by Sesleria caerulea and Festuca ovinq, 
but with some moss/lichen cover. Helianthemum chamaecistus. Thymus drucei. 
Selaeinella selaginoides. Briza media. Kobresia simpliciuscula. Campanula 
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r o t u n d i f o l i a were present together with P o t c n t i l l a c r a n t z i i and 
Antennana dioica. Polygala amarella was also recorded i n t h i s quadrat 
(see Chapter seven). 
Calluna vulgaris and Euroetrun niarum were present i n quadrat 8B.2 
iihich otherwise- contaia6d~a~cloaed~ sv/aid~of~Seslei ia~caerul~ea~ano~ 
Festuca ovina. Gentiana verna. Thymus drucei. Eriza media. Selagmells 
selagmoides. with occasional Polygonum viviparum ? Anemone nemorosa and 
Linum catharticum were also present. Unusually Viola rupestns was also 
found here, although only i n very small numbers. 
SECTION 3; POPULATION FLUX 
The t o t a l number of individuals i n each quadrat mcreesed over the 
period of recording (Figure 10). I n tne case of quadrat SB.2 the 
increase m the o r i g i n a l l y recordod mixed-age population i n Autumn 19&S 
over the study period was almost 100£. Increases of 20$, 24% and 40% 
were recorded f o r the o r i g i n a l populations i n quadrats 3.1, 3.5 end 6.1 
respectively. 
This r i s e i n the t o t a l population was more pronounced during 1969 
and 1970 f o i quadrats 6.1 and 3.1 and i/as followed by a l e v e l l m g - o f f 
during 1971 and 1972. The population m quadrat 3.5, which was not 
established u n t i l Spring 1970, remained r e l a t i v e l y stable throughout, 
although there was a s l i g h t increase i n 1970. I n the case of quadrat 
SB.2 which -showed the greatest increase m numbers the change was gradual 
and occurred throughout the period from Autumn 1969 to Autumn 1972. 
Unlike the other quadrat populations there was no ind i c a t i o n of s t a b i l i -
zation i n 1972. 
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These curves c l e a r l y i l l u s t r a t e the stable nature of the popula-
t i o n of Viola r i v i n i a n a on Widdybank F e l l , with recruitment being able 
t o make up f o r the loss of individuals. The upward trend i n numbers 
may be related to the r e l a t i v e l y mild climatic conditions which were 
experienced daring a large part of the study period. 
The rate of survival of the individuals w i t h i n each quadrat was 
high and i s indicated by the very shallow nature of the survival curves 
f o r the o r i g i n a l l y recorded quadrat populations shown i n Figure 11. 
H a l f - l i f e values based on the decay of t h i s o r i g i n a l quadrat population 
indicate that complete replacement of the population may occur every 
22 to 66 years (Table a). However, the highest h a l f - l i f e value of 33 
years was obtained f o r the individuals i n quadrat 3.5f which was only 
observed over a 2^ - year period when mor t a l i t y was quite low f o r a l l 
quadrats and i s therefore probably exceptional. A more r e a l i s t i c e s t i -
mate of the time taken f o r complete replacement of the population i s 
approximately 25 years. 
The survival curves of the o r i g i n a l l y recorded mixed-age popula-
t i o n are not only very shallow but also l i n e a r . The shallow nature of 
these curves has already been discussed i n terms of h a l f - l i f e values. 
However, m addition to the f a c t that the rate of m o r t a l i t y was r e l a -
t i v e l y low, i t would also appear that i t was constant, at least over the 
period of recording. The l i n e a r nature of the curves, which are similar 
to Viola rupestns and Viola rupestris x r i v i n i a n a . conform to Deevey 
(1947) type 2. These curves with numbers plotted on a logarithmic 
scale indicate that m o r t a l i t y i s a continuing r i s k throughout the 
plant's l i f e , that i s , m o r t a l i t y i s independent of the age of the 
indi v i d u a l . 
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Table a 
HALF-LIFE VALUES 
Viola r i v i n i a n a 
t<iuadi at H a l f - l i f e (years) No. 
3.1 11 40 
3.5 33 76 
6.1 n 35 
83.2 14 93 
No. - Number i n the o n g i n a l l y recorded 
mixed-age population 
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SECTION 4: SEASONAL SURVIVAL AND ANNUAL RECRUITMENT 
Seasonal survival over approximately six-flionthly periods was i n 
general lower i n the f i r s t year and a h a l f of recording (Table b). 
Large differences can be seen between the values similar to those found 
fo r Viola rupestns. ranging from 0.80 over the period Spring 1969 to 
Autumn 1969 m quadrat 6.2 to 1.00 (that i s , no m o r t a l i t y ) over the 
period Spring 1970 to Autumn 1970 i n the same quadrat. I n t h i s species 
the number of individuals 'at r i s k ' at the beginning of each time i n t e r v a l 
i s considered to be a l l individuals i n each quadrat excluding f i r s t year 
seedlings. 
The lowest survival rates were recorded during the Summer of 1969, 
and the overall figure i s s t a t i s t i c a l l y s i g n i f i c a n t l y d i f f e r e n t at the 
% l e v e l of p r o b a b i l i t y when compared with the figures obtained f o r the 
seasons from Summer 1970 to Summer 1972. The other low values, f o r the 
Winter period 1963/69 and Winter 1969/70 are not s t a t i s t i c a l ] y s i g n i f i -
cantly d i f f e r e n t at t h i s l e v e l of p r o b a b i l i t y from the Summer 1969 
figu r e . However the Winter 1968/69 value i s s i g n i f i c a n t l y lower than 
a l l but the Winter 1971/72, and the Winter 1969/70 value i s s i g n i f i c a n t l y 
lower than Summer 1970, Winter 1970/71 and Summer 1972. 
I t i s clear from these figures that m o r t a l i t y was greater during 
the period from Autumn 1968 to the Winter 1969/70. The lower survival 
figures during t h i s period may be related to the more severe weather 
conditions experienced i n the Winters of 1968/69 and 1969/70, when the 
mean d a i l y a i r temperature wdS much lower than i n the two following 
Winter periods. These figures are very similar to those obtained f o r 
Viola rupestns except f o r the Summer season 1970 when the survival rate 
was greater f o r individuals of Viola rlvimana. 
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Recruitment m Viola r i v i n i a n a was both by means of new vegeta-
t i v e shoots arisin g from root shoots and by the establishment of 
seedlings. New vegetative shoots appeared throughout the growing season 
and thus t h e i r recruitment i s expressed as a rate per ind i v i d u a l present 
m the quadrat at the tune of the mid-season recording (Table c ) . As 
with Viola rupestns seedlings appeared m the Spring and m this case 
recruitment i s expressed as a rate per individual present i n the quadrat 
i n the Spring (Table d). 
Variation i n the rate of recruitment of new vegetative shoots was 
large, ranging from 0.02 i n 1972 to 0.40 m 1969 f o r the individuals m 
quadrat 6.1. Unlike the results f o r Viola rupestris. where the rate of 
recruitment of vegetative shoots was p a r t i c u l a r l y high i n 1970 and low i n 
the other years, i n this species recruitment was high i n both 1969 and 
1970. I n quadrat 8B.2 recruitment was high i n a l l years although f o r the 
other quadrats i t was low i n 1971 and 1972. I t i s clear from Table e th a t 
differences i n recruitment rates were greater between years than between 
the quadrats suggesting that climate may be important i n determining shoot 
production. 
Seedling recruitment also varies a great deal with rates ranging 
from 0.00 to 0.27. Overall the figures show that seedlings appeared m 
greatest numbers i n 1969 and 1970 whilst i n 1971 and 1972 recruitment was 
very low, p a r t i c u l a r l y i n 1972 when only 3 seedlings were recorded, (Table d ) . 
Differences between quadrats are marked with r e l a t i v e l y high rates 
of recruitment recorded f o r the individuals i n quadrat 8B.2 and low 
values f o r quadrats 3.1, 3.5 and 6.1. Data are not available f o r quadrat 
3.5 i n 1969 and no seedlings were recorded i n 1970 when recruitment i n 
the other quadrats was high, and as a re s u l t the ove r a l l figure f o r that 
quadrat population was very low. There was l i t t l e difference betveen the 
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Table c 
ANNUAL RECRUITilHJT OF NEW VEGETATIVE SHOOIS 
~VikQl3.T~r iVjtnig na~ 
QUADRAT 
YEAR 3.1 3.5 6.1 SB. 2 
1969 0.37 - 0.40 0.11 0. 22s* 
1970 0.31 0.20 0.38 0. 22 0.25* 
1971 0.06 0.11 0.06 0.20 0.12* 
1972 0.04 0.10 0.02 0.24 0.14<f 
0.17* 0.13* 0.18* 0. 20* 
ft Figures shown with an asterisk represent 
the annual recruitment rates f o r the 
summed t o t a l s of each quadrat and year 
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Table d 
ANNUAL RECRUITMENT Of SEEDLINGS 
Viola ri-vimana 
QUADRAT 
1TAR 3.1 3.5 6.1 8B.2 
1969 0.12 - 0.03 0.16 0.13* 
1970 0.14 0.00 0.10 0.27 0.15 w 
1971 0.00 0.01 0.02 0.14 0.07* 
1972 0.00 0.01 0.00 0.01 0.01* 
0.06* 0.01» 0.04* 0.13* 
Figures shown with an asterisk represent 
bhe annual recruitment rates f o r the 
summed t o t a l s of each quadrat and year 
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vegetation cover i n these quadrats and i t i s d i f f i c u l t to l i n k seedling 
recruitment with i n t e r s p e c i f i c competition as i t was possible to do f o r 
Viola rupestns. 
SECTION 5; AGE-SPECIFIC SURVIVAL AND AGE DISTRIBUTION 
Survival of vegetative shoots of known age appears tc be indepen-
dent of the age of the in d i v i d u a l . As with the survivorship curves f o r 
the o r i g i n a l l y recorded mixed-age populations (Figure 1 ] ) these curves, 
shown by a dotted l i n e i n Figure 12, are also l i n e a r . This again i n d i -
cates that there was a constant rate of decay and that the r i s k of 
mo r t a l i t y was independent of the age of the individual shoots. As there 
were r e l a t i v e l y few new vegetative shoots produced i n any one season 
those that wore recorded i n the quadrats have been summed and expressed 
as a single figure f o r each year. Since the majority of shoots appeared 
i n the Summer, the figure appears as a Summer t o t a l on the graph. 
The very shaUow nature of the curves also shows that m o r t a l i t y of 
ind i v i d u a l new shoots was low. I n addition there was l i t t l e difference 
i n the rates of m o r t a l i t y between groups of individuals 'born1** at the 
same time, the curves having approximately similar slopes. 
Survival of plants developing from seedlings i s also independent 
of the age of the in d i v i d u a l . The l i n e a r nature of the curves, which 
Born' i s used i n the same context as f o r Viola rupestns. that i s , 
i t refers to the appearance of new individuals i n the quadrats 
whether vegetative shoots or seedlings 
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show the decay i n the number of plants f x r s t appearing as seedlings 
(continuous l i n e i n Figure 12) i n the Sprjng of each year, indicates 
that there i s a constant r i s k of m o r t a l i t y throughout the early stages 
of the plant's l i f e . 
The curve f o r the seedlings f i r s t appearing i n 1971 i s the only 
one which shows any departure from a straight l i n e . Although a l l the 
other curves approach Deevey (1947) type 2, the curve f o r the 1971 
seedlings, on the other hand, approaches Deevey (1947) type 1. Curves 
of t h i s kind indicate that m o r t a l i t y i s not independent of the age of 
the i n d i v i d u a l , but that there 13 a greater r i s k of an i n d i v i d u a l dying 
i n the early stages of i t s l i f e . I n the case of plants developing from 
seedlings, the stage wnen t h i s r i s k i s greatest i s during the i n i t i a l 
phases of seedling establishment. The fact that only one group of 
seedlings showed t h i s increased m o r t a l i t y suggests that the r e s u l t may 
be exceptional. The r e l a t i v e l y large seed size of Viola n v i n i a n a as 
with Viola rupestns probably helped reduce the r i s k of m o r t a l i t y during 
t h i s c r i t i c a l phase of the plant's l i f e . 
A very large proportion of the individuals i n the quadrats were 
mature plants, that i s , bhose surviving from the o r i g i n a l l y recorded 
mixed-age population (see Table e, where Lhe d i s t r i b u t i o n of age classes 
m bhe Autumn of 1972 i s shown f o r each quadrat). This f a c t r e f l e c t s 
the r e l a t i v e l y high longevity of individuals as indicated by the shalloi; 
nature of a l l the survivorship curves (Figures 11 and 12) and by the high 
h a l f - l i f e values (Table a). 
Quadrat 8B.2 was exceptional i n that approximately throe quarters 
of the population present i n bhe Autumn of 1972 was made up of plants 
'born' during the study period. Quite a high proportion of the new 
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plants arose as a r e s u l t of seed germination and establishment. I n 
the other quadrats no more than half the quadrat populations i n Autumn 
1972 were made up of new individuals and of these new plants only a 
small proportion appeared as seedlings. 
The large contribution to—the—replacement- of the—popu! s.ticP-ns.de 
by seedlings m quadrat 8B.2 may wel] be related to the s l i g h t l y more 
sheltered nature of the quadrat,which was situated an an area which 
had a high proportion of heather. I n the next section i t w i l l be seen 
that i t was here that seed production was high and cl e a r l y t h i s could 
be related to the less extreme conditions^which would i n turn provide 
more favourable conditions for seed germination and establishment. 
One int e r e s t i n g feature of the results i s the very snail c o n t r i -
bution made by plants developing from se=dlmgs to the maintenance of 
the populations m the two quadrats at s i t e 3. I t was at tnis s i t e 
that Viola rupostns produced few flov.ers and very few seedlings. 
However, unlike Viola rupestns. the density of Viola n v i n i a n a was 
high and thas the ef f e c t of i n t e r s p e c i f i c competition at this s i t e may 
be solely to re s t r i c t , ohe a b i l i t y of plants to flower and set seed 
(Section 6). 
SECTION 6; REPRODUCTIVE PiflFORHAflOE 
Reproductive performance i s discussed i n t h i s section i n terms 
of the number of p o t e n t i a l new plants// seeds, produced per 100 plants 
m the populations. Although Viola r i v i n i a n a reproduces vegetatively as 
well as sexually, i t was not possible to record the number of root-shoots, 
p o t e n t i a l new vegetative plants, without dpstroying the plants i n the 
quadrats. 
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ret/ 
The differences i n seed production betveen the sites were/marked 
(Table f ) . The table shows the t o t a l number of plants present at each 
s i t e , the number flowering, tne number of f r u i t s and the mean number of 
seeds per capsule. From these data an estimate of the actual number of 
seeds produced per 100 plants i n the three areas had been made. 
At s i t e 3 data were collected from quadrats 3.1 and 3.5 and from 
sample s i t e 3ss3; at s i t e 6 from quadrat 6.1 and sample s i t e 6sslj and 
at s i t e 3B from quadrat 8B.2 and sample s i t e 8Bss2. These data have 
been re-calculated to show differences m reproductive performance 
between years (Table g). 
Clearly the greatest differences i n seed production occurred 
between sites with the individuals at s i t e SB producing annually almost 
one seed fo r every plant prbsent i n the population. Seed production at 
the other tv/o sites was much lower with one seed being produced f o r 
approximately every 5 plants i n the population. This much higher rate 
of seed production at s i t e 8B suggests that the plants were growing under 
more favourable conditions than at the other si t e s . Here the quadrat and 
sample s i t e were situated i n an area with a high proportion of Calluna 
vulgaris which may have helped create a favourable microclimate i n which 
Viola r i v i n i a n a can flower and set seed more easily. The presence of 
Kobresia sinroliciuscula i n a heavily grazed closed t u r f at the other two 
sites may have had the opposite e f f e c t by causing increased i n t e r s p e c i f i c 
competition. 
Differences i n seed production f o r each of the years (Table g) 
weie less marked, suggesting that climatic/seasonal v a r i a t i o n , at least 
over the four years of the study, was less important i n determining the 
a b i l i t y of plants to flower and set seed than the habitat i n which the 
plants were growing. Whether the higher values observed i n 1970 and 
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1972 were related to temperature, r a i n f a l l , or differences i n the 
stocking rate of sheep on Uiddybank F e l l i s impossible to determine. 
Both open and closed flowers were produced by plants of Viola 
r i v i n i a n a on Widdybank F e l l and f r u i t s from both types of flower were 
recorded. However, i t i s apparent from Tables f and g that few f r u i t o 
were formed from open flowers. Although the production of f r u i t s from 
t h i s bype of flower may be extremely important to the long -cerm surv i v a l 
of the species under changing environmental conditions, i n the short 
term seeds from f r u i t s of open and closed flowers were equally important 
i n providing potential replacement individuals. For t h i s reason the 
estimate of tho numDer of seeds per 100 plants includes f r u i t s from both 
open and clo&ed flowers. 
SECTION 7; SPECIES BIOLOGY 
The r e s u l t s of t h i s study reveal that Viola r i v i n i a n a i s a r e l a -
t i v e l y long-lived plant i n Upper Teesdale with age-independent mortality. 
Reproduction which i s both by means of the production of new vegetative 
shoots and by the establishment of seedlings, i s correspondingly low. 
Longevity does not appear to be affected by a plant flowering (Figures 
13 and 14). In tnese figures, where the behaviour of the populations i n 
quadrats 3B. 2, 3.1 and 3-5 are shown, each l i n e represents a single plant. 
A few plants died immediately a f t e r flowering (broken and dotted l i n e ) but 
over the study period t h i s involved only 6 individuals. More usually 
plants survived and often flowered again; one plant flowered i n a l l four 
years of the study and 8 plants flowered i n three of the four years. 
A few new individuals flowered i n their t h i r d year and t h i s was 
true for plants a r i s i n g both as a r e s u l t of vegetative reproduction and 
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by the germination of seed end i t s establishment. However, t h i s only 
happened i n quadrat SB. 2; i n the other quadrats no additional new plants 
flowered. This again suggests that i t was m t h i s area ( s i t e 33) that 
conditions were favourable to plant growth. 
Seed was set i n a l l four years of the study both from open and 
closed flowers. 
Chasmogamous (open) flowers appeared on Uiddybank F e l l i n the 
l a t t e r part of May and the f i r s t week of June i n both 1969 and 1970. 
In 1971 and 1972 flowers appeared by the second weak i n May. Open 
flowers \;ere normally produced over a period of approximately 3 weeks 
and during t h i s time buds which developed into closed flowers were 
observed. 
Plants transplanted from Upper Teesdale to the University of 
Durham and grown i n tubs flowered 2 to 3 weeks e a r l i e r than Teesdale 
plants growing 'm s i t u ' o The plants also flower for a longer period 
producing ripe f r u i t s from closed flowers up to the end of September. 
In the middle of tae season flowers were observed which never became 
f u l l y open. These semi-cleistogamous flowers were produced aft e r the 
f u l l y open flower and had only very s n a i l petals. 
Seed germination occurred i n the Spring of each year on Uiddybank 
F e l l ; at the end of Ilay to tne beginning of June i n 1970 and i n the 
second and t h i r d week i n May i n 1971 and 1972. 
A hybrid of t h i s species with Viola runestns i s present on 
"fiddybank F e l l (Chapter s i x ) . 
The production of flowers, f r u i t s per flowering plant and the 
number of seeds per capsule v a r i e s considerably (Table h ) . The pro-
duction of open flowers i n a l l but one case was much lower than closed 
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flowers per flowering plant although there i s no indication that any-
one year was more favourable than any other. By contrast a much 
greater number of closed flowers were produced at a l l s i t e s m 1971, 
with loi/er values i n 1970 and 1972. Differences i n the values between 
s i t e s are also apparant i n Table h with the mean number of open flowers 
per flowering plant s l i g h t l y greater at s i t e 3 uhan at the other two 
s i t e s . 
The production of f r u i t s from open flowers was very low with only 
17 capsules being recorded m the permanent quadrats and sample s i t e s 
throughout the study period. The mean number of f r u i t s from closed 
flowers was very much higher i n a l l years and at a l l s i t e s , with the 
greatest number per flowering plant being produced a t s i t e SB i n a l l 
three years for which f u l l data are available. Unlike the r e s u l t s for 
the production of closed flowers there i s no indication that any season 
wes more favourable tnan another. This suggests that climatic factors, 
where they affected reproductive a b i l i t y , did so only by affecting the 
production of closed flowers. 
The data for the mean number of seeds per capsule were collected 
from f r u i t s from closed flowers and show that -ohe production of seeds 
was greater at ^ i t e 3B. The fact that a greater number of f r u i t s per 
flowering plant and seeds per capsule were produced at t h i s s i t e i s 
r e f l e c t e d by the figure for reproductive performance at t h i s s i t e given 
i n Section 6, Table f. 
Dispersal of the seed was r e s t r i c t e d as f a r as could be ascertained, 
to the distance from the plant tnat the explosive mechanism was able to 
throw the seed. The r e l a t i v e l y heavy seed does have an o i l y appendage 
which i s said to a t t r a c t ants as i n V i o l a rupestris and Polyeala amarella. 
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Ridley (1930) and disp e r s a l may be affected over greater d i s -
tances. 
The seedling, on germination, had large cotyledons, grovth 
was slow and only 2 to 4 leaves were produced during the f i r s t 
growing season. The cotyledons remained v i s i b l e throughout—the 
period, eventually dying toward the end of bhe Autumn. 
Effective reproduction was both by bhe production of vegetative 
shoots and by the establishment of seedlings. The former contributed 
more to the maintenance of bhe quadrat populations at s i t e s 3 and 6, 
whilst both were equally important a t s i t e SB. This d i s t i n c t i o n i s 
c l e a r l y i l l u s t r a t e d by Figures 13 and 14 which show the behaviour of 
the quadrat populations at s i t e s 3 and SB. 
SECTION 8; LIFE STRATEGY 
Viola ravmiana i s a long-lived perennial species. The present 
study reveals that individual plants may l i v e for as long as 22 years 
or more (Section 3). This value i s of the same order as that obtained 
i n t h i s study for Vi o l a r u p e s t r i s and Viola rupestris x n v i n i a n a but 
i s lower than that indicated by h a l f - l i f e values calculated by Harper 
(1967) for Filipendula vulgaris and Sanicula europaea Irom data given 
by Tamm (195&). For these species i t appears that individual plants 
may l i v e for as long as 36 years and even up to 100 years respectively. 
Mortality was a continuing r i s k throughout the l i f e of the i n d i -
vidual and was not affected either by i t s age or whether i t flowered. 
Some individuals were affected by animals but there was no d i r e c t e v i -
dence of any having been l o s t d i r e c t l y as a r e s u l t of damage or 
uprooting by grazing. 
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The r e l a t i v e l y high longevity of individual plants within the 
permanent quadrats requires only a correspondingly slow rate of 
recruitment to ensure survival of the population. Thus an annual 
mortality of 13 plants per 100 i n the population was made up by 
recruitment of vegetative shoots and seedlings at iale - 3 of 16 gnd 8 
plants per 100 respectively. Those figures c l e a r l y show that the 
number of individuals recruited to the population was greater than the 
number that were l o s t . Tins fa c t combined with the low rates of mor-
t a l i t y for the new individuals led, over the study period, to an 
increase i n the t o t a l population within each of the quadrats. 
Twice as many new plants appeared as a r e s u l t of vegetative 
reproduction than by seed germination and establishment of seedlings. 
Thus the population could probably be maintained e n t i r e l y by vegeta-
t i v e reproduction, although the species would be unable to adjust 
genetically to changos i n environmental conditions. However, even 
the sexual reproductive mechanism i s almost t o t a l l y mbresding with 
ripe seed being produced mainly from closed flowers. A very few ripe 
capsules were produced from open flowers and i t must be from t h i s out-
breeding mechanism that new genetic combinations a r i s e and allow the 
population to adjust to environmental change. Thus, although the pro-
duction of vegetative shoots and of seed m f r u i t s from closed flowers 
was important to the short term s u r v i v a l of the species, the long term 
survi v a l w i l l depend on the a b i l i t y of the population, to produce ripe 
f r u i t s from open flowers. 
The production of potential new plants (seeds) was r e l a t i v e l y 
high, almost attaining an annual rate of one seed per plant i n the 
population. This compares with the actual recruitment of seedlings 
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which, over the study period, ran at a rate of 8 per 100 plents i n the 
t o t a l population. Thus, annually, only approximately 8% of the poten-
t i a l new plants (seeds) actually germinated and entered the population 
as seedlings. The remaining 92$, of the seed either l a y dormant i n the 
s o i l , we*, destroyed or may have been carried out-of the q ts to 
germinate elsewhere. I t i s known that the rate of germination i n 
Viola r u p e s t n s i s very low and i t i s l i k e l y that t h i s i s also true for 
Vio l a rivmiana. 
As with V i o l a r u p e s t n s . this species i s a repeating producer. 
Plants w i l l flower i n t h e i r t h i r d year and once mature are capable of 
producing flowers and f r u i t s i n successive years. Recruitment of both 
vegetative shoots and seedlings i s low and the r i s k of mortality of 
these individuals i s on the whole no greater than for mature plants. 
The longevity of individuals of t h i s species i s associated with r e l a -
t i v e l y lotf soed y i e l d , producing approximately one seed per individual 
i n the population per annum, and slow replacement. 
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CHAPTER SIX 
VIOLA RUFESTRIS X RIVINIANA 
SECTION 1: INTRODUCTION 
This hybrid of Viola rupestns and Viola n v i m a n a i s a small 
rosulate plant similar i n form to the Viola rupestns parent. The 
hybrid flowers p r o l i f i c a l l y but the flowers are s t e r i l e and reproduction 
i s by means of new rosettes produced from sobolos (root shoots), a 
character inherited from the Teesdale Viola n v i n i a n a parent. For the 
purpose of t h i s study the in d i v i d u a l or 'unit of reproduction', i s con-
sidered to be any loaeLLe ar i s i n g from a root shoot. 
Over the study period no seedlings, which had arisen from the 
germination of seed set follo«nng cross p o l l i n a t i o n between the two 
parents, were observed. On Widdybank F e l l the hybrid i s very r e s t r i c t e d 
i n ibs d i s t r i b u t i o n indicating that cross p o l l i n a t i o n and seed set only 
occurs very infrequently. I n view of the small number of ripe f r u i t s 
which were recorded from open flowers of both parents (Chapters four 
and f i v e ) t h i s i s perhaps not surprising. As fa r as i s known, no simi-
l a r hybrids have been found at the other two B r i t i s h stations where the 
parents occur together, and there are no reports i n the l i t e r a t u r e of 
i t s occurrence anywhere else i n Europe 
The large size of the clones, some several metres across, i n d i -
cates bhat once a plant has become established i t s vegetative mode of 
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reproduction enables very dense populations of plants to be b u i l t up. 
Single plants and small groups of two or three i n d i v i d u a l plants were 
observed on the F e l l but i t i s not known whether they lack the a b i l i t y 
t o produce soboles or were very recently established individuals. 
Within the clones where permanont quadrats had been established 
individual rosettes were long-lived and population turnover and 
recruitment rates were low. Thus Lhe l i f e strategy of t h i s species 
was very similar to the two parents, although there was no recruitment 
from seedlings. 
SECTION 2i PI3MANENT QUADRATS 
Two sites (3 and 9) were selected for t h i s hybrid on Widdybank 
F e l l , both m heavily grazed sugar limestone t u r f . I n each of the 
quadrats established at these two sites the i n d i v i d u a l rosettes were 
growing very close together and i t i s possible that the plants i n each 
of the quadrats were part of clones. 
Quadrat 3.3 was situated on a south west facing slope j u s t above 
the reservoir's top-water l i n e . The completely closed vegetation was 
dominated by Festuca ovina and Sesleria caerulea with Helianthemum 
ohamaecisuis. lixvmus drucei. Bnza media. Plantaeo maritima. Lotus 
corniculatus and Carex flacca also present. 
Quadrat 9.1 was situated i n the same area where Viola rupestris 
was recorded, at more than 500 metres from the reservoir. Here the 
vegetation was more open with some bare ground and moss cover. The 
vegetation was dominated by Sesleria caerulea and Festuca ovina with 
Viola rupestris x rt v i n i a n a very frequent. Carex flacca. Po t e n t i l l a 
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erecta. Vxola t r i c o l o u r . Polygonum viviparum. Selaemella selaeinoides. 
Koelena g r a c i l i s and Thymus drucex were also present i n the quadrat. 
Each of the permanent quadrats had a sample s i t e associated with 
i t . 
SECTION 3; POPULATION FLUX 
A gradual increase i n the number of individuals i n the two 
quadrats was observed over the period of recording (Figure 15). These 
increases, expressed as a percentage of the o r i g i n a l l y recorded mixed-
age population f o r the quadrats 3.2 and 9.1, were 38 and 20 respectively. 
The change i n the t o t a l population was very gradual with no seasonal 
influences apparent such as were shown m the curves f o r Viola rupestris 
(Figure 4). 
There i s an indication i n the curves that increases i n 1969 and 
1970 were followed by a l e v e l l i n g - o f f i n 1971 and a s l i g h t decrease i n 
numbers i n 1972. The season of 1970, which f o r Viola rupestris and 
Gentiana verna was favourable to vegetative reproduction, also showed 
an increase i n numbers of the hybrid which was relabed bo a greater 
number of shoots appearing and becoming established i n that year. The 
t o t a l population i n quadrat 3.3 showed a similar increase i n 1971. 
The survival curves f o r the o r i g i n a l l y recorded mixed-age popula-
t i o n are very shallow indicating that within each quadrat the rate of 
loss of individuals was very slew (Figure 16) . H a l f - l i f e values based 
on the decay i n the number of individuals i n the o r i g i n a l mixed-age 
population over the period of recording indicate that the time taken 
f o r complete replacement of the population may take up to 34 years. 
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The estimated h a l f - l i f e values for the individuals i n quadrats 3.3 
and 9.1 were 17 and 10 ye^rs respectively. 
The l i n e a r nature of these curves <is well as tnose f o r the 
individuals of known age shown i n Figure 17 indicates that the rate 
of decay has been constant. A l l the curves correspond to Dee^ey 
(1947) type 2. As with the tv/o other v i o l e t species these curves show 
than the risic of m o r t a l i t y for a l l individuals of tne nybnd was noo 
affected by the age of the rosette. 
The very steady slow rate of decay w i t h i n the population coupled 
with the correspondingly low rate of recruitment resulted i n a stable 
population being maintained over the study period. 
SECTION 4; SEASONAL SURVIVAL AND ANNUAL RECRUITMENT 
Seasonal survival over approximately six-mo-ithly periods showed 
some V d r i a t i o n bet /een the two quadrats and between the seasons 
(Table a). The ind i v i d u a l values represent the proportion of plants 
surviving over each period as a rate per in d i v i d u a l present at the 
beginni.it, of each t i ^ e i n t e r v a l . For t h i s plant the number 'at r i s k ' 
includes a l l surviving vegetative shoots regardless of t h e i r age; as 
tho hybrid i s s t e r i l e there are no seedlings. Data are not available 
f o r the season Spring 1969 to Spring 1970 f o r quadrat 3.3 as i t was not 
established u n t i l Spring 1970. 
Variation between ind i v i d u a l survival rates i s not large but the 
throe lowest between-season figures are s t a t i s t i c a l l y s i g n i f i c a n t l y 
d i f f e r e n t at the 5% l e v e l of p r o b a b i l i t y from the values for Winter 
1970/71 and Winter 1971/72. This r e s u l t suggests that as with 
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Table a 
SEASONAL SURVIVAL 
Viola rupestris x nv i n i a n a 
QUADRAT 
SEASON 3.3 9.1 
Summer 1969 No record 0.90 0.90 t 0.02 
Winter 1969/70 No record 0.89 0.89 I 0.03 
Summer 1970 0.97 0.92 0.94 t 0.01 
Winter 1970/71 0.98 0.94 0.95 i 0.01 
Summer 1971 0.98 0.91 0.94 t 0.01 
Winter 1971/72 0.96 0.95 0.96 1 0.01 
Summer 1972 0.93 0.90 0.91 t 0.01 
0.96 t 0.01 0.92 1 0.01 
Overall seasonal survival f o r each quadrat 
population both between the quadrats and 
between the seasons i s shown + standard 
error 
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Viola rupestris bhe r i s k of m o r t a l i t y i s greater during bhe growing 
season. I t i s possible that adverse climatic conditions over the 
period Autumn 1968 to Autumn 1970, coupled with the greater stresses 
imposed on the plants when they were growing and flowering, resulted 
m the reduction, m survival rates vhich can be seen for these seasons, 
i n the table. The higher survival rates f o r the i/inters 1970/71 and 
1971/72 suggest that during these reasons bhe mild Winters may have 
imposed less stress on individuals, p a r t i c u l a r l y at a time when they 
were dormant. 
Recruitment i n the hybrid was e n t i r e l y by new vegetative shoots. 
The annual rate of recruitment of tnese new plants to the quadrat 
populations i s shown i n Table b, where the figures are expressed as a 
rate per i n d i v i d u a l present i n each quadrat i n the Summer of each year. 
The values d i f f e r considerably f o r each season and i t i s clear that i n 
1970 f o r quadrat 9.1, at least, there was a large i n f l u x of new plants 
compared with the other years. However, recruitment of new plants 
i n t o quadrat 3.3 was r e l a t i v e l y low throughout, with 1971 having the 
highest recruitment rate. 
SECTION 5: AGE-SPECIFIC SURVIVAL MP AGS-DISTRIBUTION 
Survival of vegetative shoots of known age i n the two quadrats 
was independent of the age of the individuals. The curves, which show 
the decay i n the number of new shoots (sunned for each season), are 
l i n e a r and d i f f e r only s l i g h t l y from each other. They conform 
closely witih Deevey (1947) type 2, and as f o r tr.e two parent species, 
they indicate that the r i s k of m o r t a l i t y was constant irrespective of 
the age of the individuals. 
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Table b 
RATE Q? ANNUAL RECRUIT; iTNT OF 
NEW VEGETATIVE ROSETTES 
Viola rapestns x r i v i n i d n a 
QUADRAT 
YEAR 3.3 9.1 
1969 No record 0.12 
1Q70 0.15 0.37 
1971 0.20 0.17 
1972 0.14 0.03 
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As with the survival curves f o r the o r i g i n a l l y recorded mixed-
age populations the slopes are very shallow and between some recordings 
show no loss of individuals at a l l . Thus the slow rate of turnover, 
indicated by bhe h a l f - l i f e values based on the decay of the o r i g i n a l 
populations, i s <?hovm alec by the survival curves f o r individuals of 
known age. 
The d i s t r i b u t i o n of the different; age classes present i n the 
quadrats at the end of the study period m Autumn 1972 show that there 
was a very high proportion of mature individuals i n the population,(Table 
I n both quadrats approximately 50$J of the t o t a l population was made up 
of plants winch were present at the time when the f i r s t recording was 
carried out. The large number of individuals i n quadrat 9.1 surviving 
from the year Autumn 1969 to Autumn 1970 r e f l e c t the high recruitment 
rate i n that quadrat m the Summer of 1970. 
Plants were able to flower m t h e i r second year and i f t h i s i s 
taken as an ind i c a t i o n of maturity, then they can make a contribution 
to the replacement of the population by the production of soboles when 
they are two years old. However, only a few plants actually flowered 
i n t h e i r second year and Viola rupes-pris x rivimana. as with i t s 
parents, appears to be a species which takes several years to mature, 
has a low rate of m o r t a l i t y and a correspondingly low recruitment rate. 
SECTION 6: REPRODUCTIVE PERFORMANCE 
Reproductive performance can only be discussed f o r t h i s plant 
i n terms of the number of flowers produced as both the open and closed 
flowers are s t e r i l e . The number of plants flowering, that i s , 
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Table c 
DISTRIBUTION OF AGE CLASSES IN EACH (.UADRAT 
AT THE END OF THE STUDY PEPIOD 
Viola rupestris x r i u i n i a " g 
QUADRAT 
AGE IN 
YKARS 3.3 9.1 
Present Spring 
1969 > 3§" No record 82 
•Born' yed.r 
Spr. 1969-Aut. 1969 3-3* 13 
'Born1 year 
Aut. 1969-Aut. 1970 2-3 1^ 42 
'Born' yeai 
Aut. 1970-aut. 1971 1-2 31 26 
'Born' yesr 
Aut. 1971-Aut. 1972 < 1 23 13 
rf Individuals > 2jjf years old, f i r s t 
recorded Spring 1970 
- 104 
producing either open or closed flowers, was consistently greater 
at s i t e 9, where data from quadrat 9.1 and sample s i t e 9ssl are 
included. There was l i t t l e difference i n the number of plants pro-
ducing flowers between the years f o r both s i t e 9 and s i t e 3. Data 
f o r s i t e 3 was obtained from quadrat 3.3 and sample s i t e 3s s 2, (Table d). 
The differonces between the number of open and closed flowers 
produced at each s i t e was quite marked and unlike Viola rupestris and 
Viola r i v i n i a n a quite large numbers of open flowers were produced at 
both sites compared \ath -one numbor of closed flowers. I n 1970 more 
open flowers were recorded than closed and a similar r e s u l t was 
obtained at s i t e 3 i n 1972. (The number of closed flowers was 
probably underestimated i n 1970 as some were not properly i d e n t i f i e d 
as such). The lowest number of open flowers was recorded m 1971 when 
there were more closed flowers than open flowers. 
SECTION 7: SPECIES BIOLOGY 
The hybrid of Viola rupestris and Viola r i v i n i a n a i s similar i n 
form to the Viola rupestris parent but with leaves shaped l i k e the 
Viola r i v i n i a n a parent. The plant reproduces by means of new rosettes 
produced from soboles, a character inherited from the Viola r i v i n i a n a 
parent. The hybrid i s perennial and in d i v i d u a l rosettes die down during 
the Winter period. 
Individual plants are long-lived, as can be seen by the survivorship 
curves (Figures 16 and 17) and the h a l f - l i f e values of 17 and 10 years, 
which indicate that some plants may l i v e f o r as long as 34 years or more. 
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Table d 
PRODUCTION OF FLOWERS 
Vio3a rupestris x.yi'yiniana 
YEAP SITE Total No. Plants No, flowering 
Ho. cf flowers 
Optm Closed 
1969 3 
9 
39 
623 
4 
32 
No record 
No record 
1970 3 
9 
356 
308 
35 
47 
13 
13 
0 
1 
1971 3 
9 
346 
244 
33 
58 
3 
1 
12 
47 
1972 3 
9 
382 
323 
30 
57 
12 
15 
3 
33 
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There were no obvious signs of loss of individual rosettes by grazing 
or p u l l i n g out by sheep. Longevity was nofc affected by the plant 
flowering; indeed many plants flowered i n two, three and, for one 
plant, four successive years (Figures 18 and 19). These figures show 
the behaviour of the quadrat population 3.3 and 9.1 respectively, where 
each l i n e represents an ind i v i d u a l , and flowering i s shown by a broken 
and dotted l i n e , a f t e r Tamm (1948). 
No seed i s set as the hybrid produces flowers which are s t e r i l e . 
These flowers may be of tuo kinds, as i n the parents' species, 
chasogamous (open) and cleistogamous (closed). The period of production 
of flowers was very similar to that f o r Viola rupestris with open flowers 
appearing i n May on Widdybank F e l l . Closed flowers started to appear i n 
May also but whereas open flowers were only produced over a period cf 
3 to 4 weeks, closed flowers appeared throughout the growing season. 
The mean number of flowers per flowering plant i s shown i n Table e, 
and i t can be seen from the figures that the mean number of open flowers 
was quite high. I n two of the three years the number of open flowers was 
greater than the number of closed, i n 1970 f o r both sites and i n 1972 
f o r s i t e 3 only. I n a l l three of the years the number of open flowers 
produced was greatest at si t e 3 whilst the number of closed flowers were 
greater at s i t e 9. These results suggest that at the two sites there 
were factors which affected the a b i l i t y of plants to produce the two 
kinds of flowers, i n d i f f e r e n t ways. 
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Table e 
FLOWER PRODUCTION 
(MEAN FLOWERS PER FLOWERING PLANT) 
Viola rupestris x riv m i a n a 
YEAR SITE Open flowers Closed flowers 
1970 3 0.37 1 0.13 0.00 
9 0.29 1 0.06 0.02 1 0.02 
1971 3 O.ZL + 0.06 0.32 t 0.08 
9 0.02 1 0.02 0.81 1 0.12 
1972 3 0.43 t 0.13 0.27 £ 0.09 
9 0.26 + 0.06 0.67 t 0.13 
Figures f o r flower production are given as 
a mean per flowering plant + standard 
error 
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SECTION 8: LIFE STRATEGY 
The small plant depends e n t i r e l y on vegetative reproduction 
f o r propagation. Longevity of individuals i s high and tne rate of 
•turnover of the population correspondingly slou. H a l f - l i f e values 
indicate that i t may take as long as 34 years f o r complete replace-
ment of the population. 
The r e l a t i v e l y slow rate of turnover requires only a lou rate 
of recruitment to replace l o s t individuals. The study reveals that 
recruitment; was greater tnan m o r t a l i t y , and as a re s u l t of the high 
survival rate of the new shoots the t o t a l number of individuals i n 
each quadrat increased. Thus during the study period, at least, the 
population increased i n density. 
No other hybrids of t h i s kind have been found at the two otner 
l o c a l i t i e s m B r i t a i n , where the parents occur togetner. This fact 
combined with the very r e s t r i c t e d d i s t r i b u t i o n of the plants i n 
Teesdale suggests that cross p o l l i n a t i o n and successful establishment 
of seedlings only occurs infrequently. Some of the colonies are quite 
large and may have been derived from a single seedling. On Uiddybarik 
F e l l there are also several small colonies which may be small because 
•chey are recent i n o r i g i n or because the plants did not i n h e r i t the 
a b i l i t y to produce soboles. 
Once a plant i s established i t i s clear from the present study 
that i t i s able to reproduce very successfully. The apparent absence 
of t h i s hybrid from Europe as a whole suggests that the factors con-
t r o l l i n g the existence of t h i s hybrid act d i r e c t l y through the 
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prevention of cross-pollination. Since open flowers are only pro-
duced i n f a i r l y small numbers i n both parenbs and very few ripe 
f r u i t s are formed from these flowers i t i s not surprising that the 
hybud i s so r e s t r i c t e d . 
Figure 15 
TOTAL POPULATIONS 
Viola rroeBfoftp * ^ v ^ n ^ n f l 
FIGURE 15 
TOTAL POPULATIOIM-Viola rupestris x rimniana 
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Figure 16 
SURVIVORSHIP CURVES OF MIXED-AGE POPULATIONS 
Viola rupestr|p * rftYi1 " i 1 l i l ^ 
FIGURE 16 
SURVIVORSHIP curves of mixed age populations- Viola ruoestns x r , » ,n , a n a 
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SURVIVORSHIP CURVES OF VEGETATIVE 
SHOOTS 'BORN1 AT THE SAME TIME 
Viola rupestria x r i v i n l a n a 
FIGURE 17 
SURVIVORSHIP curves of vegetative shoots "born at the same 
time - YjQia fUPestr.s » r . u i m a n : . 
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Fxgure 18 
BEHAVIOUR OF INDIVIDUALS IN QUADRAT 3.3 
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Figure 19 
BEHAVIOUR OF INDIVIDUALS IN QUADRAT 9.1 
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CHAPTER SEVEN 
POLYGALA AMARELLA 
SECTION I t INTRODUCTION 
Polygala amarella (Polygala amara). Fearn (1971) i s characterised 
by having a basal rosetae of leaves. Young plants have a short, simple 
mam stem but mature plants may produce l a t e r a l branches, which also 
have a rosette of leaves at t h e i r base, either a f t e r flowering or 
because of grazing, ( i n Figures 24 and 25 t h i s branching i s shown by 
a branch on the l i n e representing an individual p l a n t ) . 
The individual or 'unit of reproduction' i n t h i s species i s con-
sidered to be any plant which a r i s e s from a seed. Although branches 
are produced these remain attached to bhe main stem and unlike Viola 
r u p e s t n s . where new rosettes a r i s e from underground stems and form 
recognisable units, they c l e a r l y form part of the o r i g i n a l rosette. 
Individual plants are short-lived often flowering i n successive 
years before dying. Recruitment during the study period was e n t i r e l y 
by germination of seed and subsequent establishment of seedlings. 
Germination occurred mainly during the Summer monlhs of J u l y and August 
and was very variable (Section 7 ) . 
Plants were often observed p a r t i a l l y eaten by sheep, p a r t i c u l a r l y 
when they were flowering, but t h i s only occasionally resulted i n the 
prevention of the production of seed. Flowering and seed production 
occurred over an extended period i n the Summer moirchs, and i n some 
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plants l o s s of the flowering stem at the end of May to the beginning 
of June resulted i n branching and the production of flowers l a t e r i n 
the season. At l e a s t one individual which was grazed during t h i s 
period went on to produce 104 seeds on 15 branches i n one of the sample 
s i t e s laber i n the same season. 
Plants i n Upper Teesdale are r e s t r i c t e d to a limited number of 
small colonies of a few hundred individuals each. These individuals 
are much l e s s vigorous than those occurring at another location i n 
Yorkshire, where plants were not only bigger and t h e i r flowering 
apparently more p r o l i f i c , but they were also more widely distributed. 
This observation suggests that the extreme climatic conditions 
experienced i n Upper Teesdale r e s t r i c t the growth and a b i l i t y of 
plants to flower. 
In Upper Teesdale there are two genetically different plants. The 
normal blue-flowered variety occurs mainly on Widdybank F e l l i n several 
small colonies and i n one small colony on Cronkley F e l l . A pink-flowered 
plant grows i n two small but dense colonies, only on Cronkley F e l l . 
SECTION 2; PHTOAWEMT QUADRATS 
Five permanent quadrats were established, four on Widdybanic F e l l at 
s i t e s 6 and 7, which were 200 to 250 metres from the top-water l i n e of 
the reservoir, and one on Cronkley F e l l . The quadrats on Widdybank F e l l 
were situated i n heavily grazed sugar limestone t u r f close bo or amongst 
Q a i ^ u n a vul£aris. The quadrat on Cronkley F e l l was recorded for the pink-
flowered v a r i e t y of Polygala amarella,. The vegetation contained Calluna 
vulgaris and Empetrum nigrum and was very c l o s e l y grazed by both rabbits 
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and sheep unlike the quadrats on Widdybank F e l l which were grazed 
exclusively by sheep. Details of the vegetation i n the individual 
quadrats are given below. 
Quadrat 6.1 was dominated by S e s l e n a caerulea and Festuca ovina 
but with some moss/lichen cover. Details of the other species present 
are given i n Chapter f i v e , Section 2, as t h i s quadrat was also recor-
ded for Viola r i v i n i a n a . 
Quadrat 7.1 was situated m an area of sugar limestone t u r f 
grading into Calluna vulgaris. The vegetation was dominated by 
S e s l e n a caerulea and Festuca ovina with Kobresia simpliciuscula. 
Thymus drucei T Campanula rotundifolia. Gentiana verna. Antennaria 
di o i c a . Briza media f Plantaeo mantima also present together with some 
moss/lichen cover. A map showing the type of vegetation i n one metre 
length of t h i s quadrat i s shown i n Figure 20. 
Quadrat 7.2 was almost completely dominated by S e g l e n a caerulea 
with l i t t l e bare ground or moss/lichen cover. The vegetation i n t h i s 
quadrat, which was close to quadrat 7.1, differed i n that Calluna, 
vulgaris and Kobresia simpliciuscula were both absent. This quadrat 
was also recorded for Gentiana vorna (Chapter nine) 
Quadrat 7.3 was aty p i c a l m that Polygala amarella was growing 
i n a moss/lichen substrate overlying bare rock. A r e l a t i v e l y large 
proportion of the area was without any vegetation cover and part con-
tained Calluna vulgaris. This quadrat was also recorded for Draba 
incsna (Chapter eight). 
Quadrat 10.2 was situated on Cronkley F e l l close to a colony of 
rabbits and consequently the t u r f was quite c l o s e l y cropped. The 
vegetation was dominated for the most part by S e s l e n a caerulea and 
Figure 20 
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Festuca ovina although Calluna vulgaris and Bnpetrum nigrum covered 
part of the quadrat. The pink-flowered plants were able to survive 
and flower i n the denser stand of Empetrum nigrum. 
Because of the very r e s t r i c t e d population of Polygala amarella 
on both F e l l s , two sample s i t e s only were established on Uiddybank 
F e l l close to quadrats 7.1 and 7.2. One sample s i t e was recorded i n 
association with quadrat 10.2 on Cronkley F e l l and contained pink-
flowered plants. 
SECTION 3; POPULATION FLUX 
Change i n the t o t a l population of individual plants i n each 
quadrat was i r r e g u l a r and often large (Figure 21). The t o t a l number 
includes a l l the surviving plants present at the time of recording 
except seedlings which had not survived the Winter period. The 
increase i n the t o t a l population which i s apparent i n the Springs of 
1969 and 1970 i s due to the in c l u s i o n of seedlings germinating i n the 
previous year and surviving to the Spring. 
The very large seed germanation of 1969 and the subsequent sur-
v i v a l of the seedlings i s r e f l e c t e d by the r i s e shown i n the curves i n 
Spring 1970, a r i s e whicn can be seen for tne individuals i n a l l the 
quadrats. Following t h i s steep r i s e the curve for the t o t a l population 
i n quadrat 6.1 shows that there was a s l i g h t decline i n numbers 
followed by another r i s e i n the Spring of 1971. This was repeated i n 
197? such that o v e r a l l there was an increase of 110$ i n the t o t a l popu-
l a t i o n over the period of recording. 
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The curves for the t o t a l populations i n quadrats 7.1 and 7.2 
show an increase i n numbers i n 1971 followed by a slow decline over 
the Winter 1911/12 and Summer 1972 such that the t o t a l population i n 
each quadrat i n Autumn 1972 was s l i g h t l y lower than that recorded i n 
Autumn 1968. I n the ca&e of quadiatb 7.3 and -10.2 the increase i n 
the t o t a l population i n 1970 was followed by a steady decline over 
the r e s t of the study period. In the former of these quadrats there 
was an o v e r a l l increase of 171% betvre en Summer 1969 and Autumn 1972, 
i n the l a t t e r a drop of 21?! between Autumn 1968 and Autumn 1972. 
These r e s u l t s show that s u r v i v a l of the population of Polygala 
amarella on Widdybank and Cronkley F e l l s depends on the a b i l i t y of the 
species to produce seed, which i n favourable years germinates well. 
Without the very large seedling recruitment i n 1969 most quadrats 
would have experienced a sharp f a l l i n the number of individuals over 
the study period. The rate of germination (recruitment) i n any year 
depends on the amount of seed produced i n the previous year. (The 
occurrence of seedlings close to f r u i t i n g plants of the previous year 
suggests that germination occurred i n the year following seed-set). 
Climatic factors affecting the actual germination of seed may also 
play an important role p a r t i c u l a r l y i f viable seed i s stored m -Che 
s o i l or on the s o i l surface. 
Survivorship curves for the o r i g i n a l l y recorded mixed-age popu-
l a t i o n are steep, indicating that the rate of l o s s of individuals from 
the quadrats was high. On bhe whole the curves show a r e l a t i v e l y 
steady decline i n numbers, although i n three of the quadrats there 
were a large number of deaths i n some seasons. Quadrats 6.1 and 7.1 
showed a steep decline i n numbers between the Spring and Summer records 
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i n 1969; quadrat 7.1 showed a farther r e l a t i v e l y high rate of mor-
t a l i t y between the Summer and Autumn records of 1970 and 1972. 
Quadrat 7.3 also showed a sharp increase i n the rate of mortality 
between the Summer and Autumn records of 1971, although i n t h i s case 
the l o s s was of only 2 plants from the 5 surviving from Summer 19&9, 
(Figure 22). 
H a l f - l i f e values based on the decline i n the number i n tne 
o r i g i n a l population over the period of recording show that a few 
individual rosettes may l i v e for up to 14 years (Table a ) . However, 
the highest value was obtained for the individuals i n quadrat 7.3 where 
only 7 individuals were recorded when the quadrat was set up, 3 of 
which survived to Autumn 1972. C l e a r l y with h a l f - l i f e values as low 
as 2.7 years, Lhis figure of 14 years i s probably a maximum possible 
l i f e - s p a n and a more r e a l i s t i c estimate of longevity i s 6 to 10 years. 
SECTION 41 SiASOIIAL SURVIVAL AND ANNUAL RECRUITMENT 
The seasonal survival over approximately six-monthly periods 
varied a great deal between the quadrats and between years (Table b). 
Values range from 0.54 for the individuals m quadrat 6.1 over the 
Summer 1969 -co 0.99 for tne same quadrat i n Summar 1971. The i n d i -
vidual values represent &he proportion of plants surviving over each 
season, expressed as a rate per individual present at the beginning 
of each time i n t e r v a l . For t h i s species the number 'at r i s k 1 includes 
a l l surviving plants, but only including seedlings a f t e r they had sur-
vived one Winter period. 
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Table a 
HALF-LIFE VALUES 
Polyeala amarella 
Quadrat H a l f - l i f e (years) No. 
6.1 6.4 38 
7.1 2.7 31 
7.2 4.3 49 
7.3 6.6 7 
10.2 3.6 96 
No. - Number of individuals i n the 
o r i g i n a l l y recorded mixed-age 
population 
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The lowest between season s u r v i v a l rate was recorded for the 
Summer season 1969, and t h i s figure i s s t a t i s t i c a l l y s i g n i f i c a n t l y 
d ifferent at the 51 l e v e l of probability than a l l the other values. 
The Winter 1969/70 figure i s also s i g n i f i c a n t l y lower than a l l but 
the seasons Winter 1968/69 and Winter 1971/72. The seasonal value 
for Winter 1971/72 i s s t a t i s t i c a l l y s i g n i f i c a n t l y lower at the % 
l e v e l of probability than the Wintei 1968/69, Summer 1970, Winter 
1970/71, Summer 1971 and Summer 1972 figures. I t can be seen from 
these comparisons that there i s no indication bhat mortality was con-
s i s t e n t l y greater during either the Winter or Summer seasons. The 
var i a t i o n between the seasons was, i n f a c t , inconsistent and often 
large. 
The differences when comparisons are made between quadrats 
are l e s s marked, with o v e r a l l s u r v i v a l rate for the individuals i n 
quadrat 6.1 being s t a t i s t i c a l l y greater at the 5% l e v e l of probability 
than the other quadrat values. None of these other values come near 
to being s i g n i f i c a n t l y different from one another. The reason for the 
higher rate of su r v i v a l of the individuals i n quadrat 6.1 i s d i f f i c u l t 
to understand, as there were no obvious differences i n the vegetation 
or grazing pressure which might explain i t . 
Recruitment i n Polygala amarella was en t i r e l y by the production 
of seed, i t s germination and subsequent establishment of seedlings. 
Seed germination occurred throughout the growing season following the 
year of seed production, and was concentrated mainly during the mid-
Summer months of July and August. The figures given i n Table c show 
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Table c 
RATE OF ANNUAL SEEDLING RECRUITMENT 
Folygala amarella 
QUADRAT 
YEAR 6.1 7.1 7.? 7.3 10.2 
1969 2.53 1.37 2.10 6.43 1.97 2.22* 
1970 0.43 0.78 0.59 0.30 0.22 0.40* 
1971 0.40 0.04 0.15 0.12 0.13 0.17* 
1972 0.19 0.38 0.49 0.32 0.19 0.27* 
0.51* 0.50* 0.67* 0.69* 0.47* 
Figures shown with an a s t e r i s k represent the annual 
seedling recruitment rates for the summed t o t a l s 
for each quadrat and year 
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the number of seedlings which appeared i n each year expressed as a 
rate per individual present i n the quadrats at the Summer recording. 
The recruitment rates 3hown i n the table vary considerably 
between years but very l i t t l e bet\/een the quadrats. Figuros range 
from 6.43 i n 1969 i n quadrat 7.3 to 0.04 i n quadrat 7.1 m 1971,but 
consistently the highest values occurred i n 1969. Since seed germina-
ti o n appears to take place i n the year following seed-set (Section 7) 
the very high recruitment of seedlings m 1969 may have been related 
to the production of seed i n the previous year. No r e s u l t s are 
available for reproductive performance i n 1968 and, therefore, i t i s 
not possible to determine whether seed production i n that year was 
high enough to have resulted i n the recruitment rate observed i n 1969 
of 2.22 seedlings per individual present i n the population. However, 
i t i s c l e a r that either a season favourable to flowering and seed-set 
OA 
i n 1963,^a season favourable to seed germination i n the following year, 
or both, resulted i n a seedling recruitment rate i n 1969 which was f i v e 
times greater than i n the other years. 
Conversely there i s no i n d i c a t i o n that low seed production i n 
1969, 1970 and 1971 resulted i n the r e l a t i v e l y low rates of recruitment 
observed i n 1970, 1971 and 1972. However, i t i s c l e a r that with an 
annual mortality rate of 31 plants per 100 present i n the population, 
recruitment i n 1971 and 1972 of 17 and 27 per 100 plants was not high 
enough to ensure replacement of l o s t individuals i n those years. Thus 
the very high recruitment i n 1969 was necessary to ensure that the 
population of Polygala amarella did not decrease considerably over the 
period of recording. This r e s u l t indicates that Polygala amarella must 
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depend for i t s long-term surv i v a l on the occasional year being 
p a r t i c u l a r l y favourable to seed production and/or germination. 
SECTION 5; AGE-SPECIFIC SURVIVAL ATP AGE-DISTRIBUTION 
Survivorship curves for individuals of known age are l i n e a r 
and conform c l o s e l y with Deevey (1947) type 2 (Figure 23). The 
l i n e a r nature of these curves indicates that there was a constant 
r i s k of mortality throughout the l i f e of bhe individual, that i s , 
that mortality m the species i s age-independent. The data i n the 
figure are represented by curves showing the decay i n the t o t a l number 
of seedlings recorded i n a l l the permanent quadrats i n any one year, 
expressed as a Summer t o t a l and plotted on a logarithmic scale. 
The seed wes quite heavy and seedlings, upon germination, have 
large cotyledons which persisted at l e a s t through the f i r s t year of 
the plant's l i f e . The absence of an increased mortality rate m the 
ear l y stages of establishment p a r t i c u l a r l y following germination, was 
probably due to the large seed s i z e which provided an i n i t i a l energy 
source enabling the seedling bo overcome some of the rigours associated 
with t h i s e a r l y phase i n tne plant's l i f e . 
The curves for each of the groups of seedlings recorded i n the 
same year have very similar slopes indicating that not only was mor-
t a l i t y independont of the age of the individual, but that the different 
cohorts had s i m i l a r rates of decay. Thus the proportional representa-
t i o n of individuals of different ages m the population appears to be 
dependent on the i n i t i a l number recruited and the time period over 
which the observations were made. 
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A large proportion of bhe individuals presant i n the quadrats 
i n Autumn 1972 were individuals which appeared during the study period 
(Tabic d). Unlike the figures for the Violets, where large numbers of 
plants were more than 4 years old (that i s , present at the beginning 
of the study), i n Polveala amarella t h i s aco-group made up 20% or l e s s 
of the t o t a l number of plants i n the quadrats m Autumn 1972. 
Cl e a r l y the large recruitment of seedlings i n 1969 was extremely 
important bo the maintenance of the population, since t h i s age-group 
constituted a s i g n i f i c a n t proportion of the quadrat populations i n 
1972. I t i s also important that plants begin to flower i n r e l a t i v e l y 
high numbers at t h i s age and, therefore, are capable of making a con-
tribution to the reproductive potential of the population. Although 
plants were able to flower when younger than t h i s , they did so i n 
smaller numbers (Section 7 ) . 
These figures confirm the conclusion indicated by the low h a l f -
l i f e values, that individuals were short-lived. The r e l a t i v e l y short 
l i f e - s p a n was coupled with early maturity (plants flowered i n r e l a t i v e l y 
high numbers when 3 and 4 years old; i n Viola r a p e s t r i s on the other 
hand, under natural conditions i n Upper Teesdale, only one plant estab-
l i s h e d from a seedling flowered during bne study, when i t was 4 years 
old). 
SECTION 6: REPRODUCTIVE PaiFURhANCE 
Reproduction i n Polygala amarella was e n t i r e l y by means of the 
production of seed, i t s germination and the subsequent establishment 
of the setsdlings. Plants were able to flowor i n t h e i r second year 
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Table d 
DISTRIBUTION OF AGE-CLASSES IN 
EACH QUADRAT AT THE SID OF THE STUDY PERIOD 
Pplygala, amarella 
QUADRAT 
AGE IN 
YEARS 6.1 7.1 7.2 7.3 10.2 
Present Autumn 
1968 >4 14 3 11 3* 16 
•Born* year 
Aut. 1968-Aut. 1969 3-4 28 10 14 10 37 
•Born1 year 
Aut. 1969-Aut. 1970 2-3 17 15 9 3 14 
•Born1 year 
Aut. 1970-Aut. 1971 1-2 21 1 5 3 9 
'Born' year 
Aut. 1971-Aut. 1972 <1 16 13 18 3 16 
Individuals >3 years old, f i r s t recorded Summer 1969 
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although only one individual a c t u a l l y did so; more usually plants 
f i r s t flower i n t h e i r t h i r d and fourth year (Figures 24 and 25 and 
Section 7 ) . 
Flowering began i n mid-May and continued throughout the season 
u n t i l about mid-September, when f r u i t s vere often present. Flowers 
present at that time did not develop further. A maximum of two seeds 
can be produced i n each capsule but often only one, and somotimes no 
ripe seed was present m apparently ripe capsules. 
The number of plants present i n the permanent quadrats and 
sample s i t e s for each F e l l i s shown i n Table e, together with the 
number of these which flowered. The figures for Widdybank F e l l blue-
flowered plants include data from quadrats 6.1, 7.1, 7.2 and 7.3 
together with sample s i t e s 7 s s l and 7ss2. The figures for Gronkley 
F e l l pink-flowered plants include data from quadrat 10 . 2 and sample 
s i t e 10ss2. The mean number of f r u i t s per flowering plant and seeds 
per capsule used i n estimating seed production per 100 plants are given 
i n Section 7, Table f. 
The potential for recruitment i n t h i s species i s high when com-
pared with the annual rate of l o s s of plants. Overall an annual 
mortality of 30 individuals per 100 i n the quadrat populations could 
be compensated for ten tunes over i n 1969 and 1970 on Widdybank F e l l . 
However, i t i s c l e a r from the recruitment figures (Table c) that only 
i n 1969 did the number of seedlings approach the annual number of seeds 
which can be produced. I n the other three years recruitment was very 
low compared with the number of seeds produced m the previous year. 
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Unfortunately, although observations suggest that seed germina-
tion occurs i n the year following seed-set, i t was not possible to 
determine whether viable seed was snored i n the s o i l . Thus i t i s not 
known whether the apparently high seed production i n 1969, 1970 and 
1971. but low germination i n the years 19*70, 19^1 and 19 72, r e f l e c t s 
a loss of seed (potential new plants) to the population. 
A smaller number of seeds was produced on Cronkley F e l l than on 
Widdybank F e l l i n 1969 and 1970, but i n the other two years approxi-
mately the same number were produced on both F e l l s . The lower values 
for the individuals on Cronkley F e l l are re f l e c t e d to some extent by 
a lower rate of recruitmant for the individuals i n quadrat 10. 2 over 
the four years. 
SECTION 7: SPECIES BIOLOGY 
Polygala amarella i s a s h c r t - l i v e d perennial which overwinters 
as a rosette which frequently becomes purple. Plants which flowered 
remained healthy over the Winter period, often not dying u n t i l the 
Spring growth started i n other plants. (See Figures 24 and 25 where 
the behaviour of the individuals i n quadrats 6.1 and 7 . 2 13 shown). 
Of 46 plants which flowered i n 1969 and survived to the Autumn of the 
same year, 16 wore l o s t over the following Winter period. Fif t e e n of 
those which remained survived and went on to flower again, some m 
several successive years. 
Plants established from seedlings were able to flower under 
natural conditions on Widdybank F e l l i n their second year. Although, 
of approximately 300 seedlings recorded m 1969, only one of the 
surviving li>0 individuals flowered i n 1970. A further 13 of these 
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plants flowered xn 1971 and 25 i n 1972. This number of plants which 
appeared as seedlings and flowered within the study period \/as much 
greater than for Viola r u p e s t n s and Viola r i v m i a n a . For these species 
only a few seedlings i n Upper Teesdale reached maturity and flowered 
within the four years. 
Flowering began m mid-May and was continuous throughout the 
season, finishing about mid-September. F r u i t s were s t i l l oeing formed 
at that oime, although any buds which were present usually aborted. 
I n 1970, the cold Spring delayed the s t a r t of flowering; large numbers 
of flowers did not appear u n t i l mid-May. However, the apparently 
favourable season which followed allowed the more vigorous plants on 
Widdybank F e l l to continue to flower into early October. 
Germination was observed throughout the growing season (May to 
September) although the pattern of germination was different i n the 
four years. In 1969, there was an abrupt burst of germination i n J u l y 
i n each of the quadrats. In 1970, seedlings occurred throughout the 
season and the greatest number appeared during the Summer months. I n 
1971 and 1972 germination occurred i n the Spring and Summer seasons 
witn very few appearing i n the Autumn. 
Seed collected from Widdybank F e l l on 7th July, 1970, and sown 
i n Durham two days l a t e i , germinated Ajithm eight weeks. (Only a 
minimum sample of 30 capsules, each from separate plants, was collected 
because of the very small and r e s t r i c t e d population on the F e l l ) . The 
seed was sown i n John Innes seed compost and placed i n an unheated green-
house. Eleven seedlings appeared over a period of 30 days from 
2nd September to 5th October, 1970, 9 of which survived. I n 1971 a l l the 
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seeds from a small sample of seed from both the blue and pink-flowered 
plants germinated within one month of sowing at Durham University. 
A careful watch was kept on the F e l l s for seedlings from newly 
f a l l e n seed. Although seed could be seen l y i n g near flowering i n d i -
viduals, no germination was observed throughout the f r u i t i n g period. 
The evidence of a large number of seedlings i n 1969 around a plant which 
f l c r e r e d m 1968, but before i t produced f r u i t m 1969, indicates that 
germination takes place i n the year a f t e r seed i s set. As seed germina-
ted within several weeks at Durham some delaying mechanism may have opera-
ted on Widdybank F e l l . This could have been environmental, or the r e s u l t 
of a seed dormancy mechanism, or a combination of both; oomparo Newman 
(1963). 
Polli n a t i o n i s by insects or s e l f , Knuth (1906/1909), although 
Fearn (1971) states i n the majority of cases s e l f - p o l l i n a t i o n occurs 
automatically. 
The mean number of f r u i t s per flowering plant and the mean number 
of seeds per capsule i s given i n Table f 1 standard error. The number 
of f r u i t s varied considerably bobh between the two populations on 
Widdybank and Cronkley F e l l s and between years. The best year for the 
production of f r u i t s was 1970 when a much greater number were recorded, 
on average, for each flowering than i n the other years. This difference 
was most pronounced for the r e s u l t s for Widdybank F e l l . The lowest 
value was recorded i n 1969 for both the pink-flowered population on 
Cronkley F e l l and the blue-flowered population on Widdybank F e l l . 
Plants on Widdybank F e l l were more vigorous bhan those on 
Cronkley F e l l , a f a c t which i s indicated by the higher mean number of 
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Table f 
FRUIT AND SEED PRODUCTION 
(MjiAN PER FLOWERING PLANT; MJJUJ PiR FRUIT) 
Polygala amarella 
YEAR SITE Fruits Seeds/Capsule 
1969 Widdybank Fell 
Cronkley Fell 
4.13 t 1.86 
3.43 t 0.72 
1.5 1 0.13 
1970 Widdybank Fell 
Cronkley Fell 
14.93 1 3.80 
9.32 t 1.17 
1.7 1 0.15 
1971 Widdybank Fell 
Cronkley Fell 
8.80 i 1 .60 
8.00 i 1.11 
1.8 1 0.16 
1972 Widdybank Fell 
Cronkley Fell 
7.50 + 0.80 
5.60 t 0.50 
1.8 t 0.16 
1.9 i 0.16 
Figures for flower and f r u i t production are given as a 
mean per flowering plant • standard error. The mean 
number of seeds/capsule is also given + standard error 
(Data are not available for Cronkley Fell except m 1972) 
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fruibs produced per flowering plant on Widdybank Fell i n a l l but 1971. 
The results suggest that this difference m production was due to 
environmental factors such as exposure or grazing rather than to anything 
linked to the genetically controlled colour factor. The population of 
plants v i t h blue flowers growing on Cronkley Fell would be expected to 
have mean values comparable with the Widdybank Fell population i f any 
genetically controlled factor was responsible for the less vigorous 
nature of the pink-flowered plants. However, in fact, i n the two years 
for which data were recorded for Cronkley Fell blue-flowered plants, the 
mean value of 7.00 i 1.37 i n 19 71 t/as lower than that obtained for the 
other population on Widdybank Fell, and m 1972 the mean value of 
8.00 i 1.70 was higher. This population was very restricted and the 
number of flowering plants sampled i n the two years was small. 
Dispersal of seed i n this species was very restricted. Observation 
of seedlings close to a plant which flowered m the previous year suggests 
that the relatively large, heavy seed f a l l s close to the parent plant. I t 
is possible that scattered individuals resulted from animal dispersal. 
Polygala vulgaris has two o i l bodies (elaiosomes) known bo attract ants 
which may move the seeds, Ridley (1930). Polyga3,a amarella has these 
structures which may act i n a similar way. 
SECTION 8; LIFE STRATEGY 
Polygala amarella on both Uiddybank and Cronkley Fells i s a 
short-lived perennial species which reproduces entirely by the produc-
tion of seed. There is no indication that there was a greater risk of 
mortality of the newly germinated seedlings and, m fact, the overall 
mortality of plants i n their f i r s t year at <9 per 100 plants was sl i g h t l y 
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lower than that for plants over one year old, which was 31 per 100 
plants in the population. Thus throughout the l i f e of the individual 
mortality was independent of the age of the plant. 
Plants produced approximately 200 to 300 seeds per 100 i n d i v i -
duals annually i n the populations recorded on "Jiddybank and Cxonkiey 
Fells, and i n a l l years the number of potential new plants (seeds) 
was far greater than the loss through mortality. The overall annual 
figure of 239 seeds per 100 plants shows that there were eight times 
as many seeds produced as individuals that were lost. 
Despite this, i n 1971 and 1972 the number of seedlings recorded 
entering the population did not outweigh the number of plants that 
were lost, and only m 1969 v/ere substantial numbers of seedlings 
observed. The importance of the high recruitment i n 1969 to the 
maintenance of the t o t a l population i s clearly shown by the curves i n 
Figure 21, which a l l rise steeply between Autumn 1969 and Spring 1970, 
when the surviving seedlings of 1969 were included i n the values for 
the toLai population. Without this high level of recruitment i n 1969 
a l l Lhe quadrat populations would have shown a f a i r l y steep decline 
over the four years. 
The germination and establishment of sped i s the most important 
period i n the l i f e cycle for this and many other species which repro-
duce by means of seed production. The rate of seed germination may be 
determined by environmental factors acting f i r s t l y on the production of 
seeds by the parent plants, and secondly on the a b i l i t y of the seed to 
germinate and become established. Once germination had taken place 
the risk of mortality appeared to have been no greater than for mature 
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plants. Thus the most important periods i n the l i f e cycle of this 
species are the seed production and germination phases, and i t is clear 
from the results that environmental constraints do affect these m such 
a way as to prevent the replacement rate being achieved i n some years. 
The reasons for the low recruitment rates i n 1970, 1971 and 1972, 
or indeed the very high recruitment i n 1969, are d i f f i c u l t to determine. 
During the four-year study the rate of seed production was not greatly 
different for each of the years. For the very high recruitment of seed-
lings i n 1969 to be the result of seed production i n the previous year, 
the actual rate of production would need to have been approximately five 
times the annual figure recorded i n the four years' study. This would 
represent a production rate of 1,200 seeds per 100 plants i n the popula-
tion assuming the proportion of seed not germinating i n the year following 
seed-set was the same i n the period 1968 to 1969 as i n the other years. 
I t seems l i k e l y , therefore, that the very high recruitment i n 1969 was due 
to environmental factors affecting the a b i l i t y of the seeds to germinate 
since the required rate of seed production i s very high. 
Almost 100% v i a b i l i t y was obtained for seeds collected on Widdybank 
Fell and sown at Durham University i n 1971. I f this level of germination 
i/ere achieved on the Fell i n 1969 and the rate of seed production i n 1968 
was similar to the annual rate recorded for the period 1969 to 1972, then 
only 240 seedlings would have been recorded per 100 plants present m the 
population. Thus for the recruitment rate of 222 seedlings per 100 plants 
observed on Widdybank Fell i n 1969 to be achieved almost 100$£ germination 
of 1968 seed must have occurred, or viable seed had been retained i n the 
s o i l from other years and conditions were favourable for i t s germination 
hljk M.U of jf/owt/tkj /K /fit in 1969,^ 
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Clearly the fact that some individuals were able to survive 
for several years, during which time they flowered and set seed 
i n a number of years, is important to the population i n overcoming 
periods when recruitment i s low. In addition i t i s possible that 
viable seed may remain in the s o i l providing a reservoir from which 
recruitment can take place i n seasons favourable to germination. 
Although seul collected on Uiddybank Fell germinated within eight 
weeks when sown m Durham immediately after collection, germination 
on the Fell occurred i n the year following seed-set. Thus there 
would appear to be some environmentally imposed dormancy which, i f 
i t acted over a number of years, could have resulted i n a reservoir 
of seed being retained i n the s o i l . 
Plants normally began flowering i n their third year, although 
many seedlings of 1969 did not flower u n t i l their fourth year, and 
many more had not flowered by the end of the study period. Thus i t 
took several years for plants to develop to the flowering sbage after 
which they were able to flower i n successive years. A few mature 
plants flowered i n a l l four years of the study. 
The l i f e strategy of this species is very similar to that 
reported by Rabotnov (1960) for Trifolium pratense groving m a sub-
alpme meadou. Unlike the same species growing on flood plain 
meadows which were usually monocarpic, these plants were polycarpic. 
Plants which were established from seed did not flower u n t i l they 
were 5 to 10 years old, flowering thereafter i n some cases in the 
succeeding years, and a few plants reached 20 years of age. Polygala 
amarella does not appear to be quite as long-lived as Trifolium pratense 
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and seed production and recruitment were higher than for Trlfolium 
pratense. 
The populations of Polygala amarella on Widdybank and Cronkley 
Fells were very restricted and no doubt this reflects the rigours 
attached bo the successful dispersal and germination of seed. There 
is no dispersal mechanism i n this species, and the large heavy seed 
did not gormmate far from bhe parent plant. Seed was able to germi-
nate i n the closed sugar limestone burf and on both Fells seedlings 
and mature plants were observed growing i n close proximity to Calluna 
vulgaris. Thus interspecific competition would not appear to be 
restricting the populabion to any great extent. 
Over the four years of the study the annual rate of seedling 
recruitmanb was 54 per 100 plants, and with an annual mortality rate 
of 30 per 100 plants, the potential for expansion was not great. 
However, there was a slight increase between Autumn 1968 and Autumn 
1972 m the number of individuals i n the quadrats, although this only 
represented a 5% increase i n the original populations. The restricted 
nature of these populations i n Upper Teesdale seems to be related to 
the relatively low* reproducbive potential of the species, to the much 
lower rate of germination m most years, and to the lack of any dispersal 
mechanism for the seed. Fearn (1971) also considered bhe low colonising 
* Although the rate of production of seeds was much higher than for 
Viola rupestns or Viola rivimana. when compared with the rate 
of seed production i n Draba incana which also has no method of 
vegetative reproduction, the rate was low. 
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a b i l i t y of Polygala amarella was due to the small number of large 
heavy seeds. 
At another site i n Yorkshire plants were much more vigorous, 
more widespread and present i n relatively large numbers i n a grassland 
habitat similar to that m Upper Teesdale. No doubt, the environmental 
conditions experienced by the plants i n this area, which is both at a 
lower altitude and further south than Upper T&esdale, were less severe. 
I t is possible, therefore, that a greater number of seeds are produced 
at this lower site allowing a larger population to be maintained than 
i n Teosdale. 
The long-term survival of this species through the Forest maximum 
does not present any particular problem. I f , as the evidence from 
pollen analysis suggests, Turner et a l . (1973), the sugar limestone 
soils supported an open forest, this species would nave been able to 
survive. Pigott (1956) suggests that the late glacial flora could have 
survived under these conditions and, i n fact, that Polygala amarella was 
•noted i n f r u i t under small openings i n the canopy of sub-alpine Picea 
abies forest in the Alps'. 
Clearly the populations of this species m Teesdale, at the present 
time, by virtue of their very restricted nature, are very vulnerable. 
Although grazing does not appear to have any great impact on the repro-
ductive a b i l i t y of the species, any increased stocking rate would give 
cause for concern. The most obvious threat i s from collection, not only 
of mature plants but also of seeds. Thus any requirement for seed or 
plants for research purposes should be carefully considered. Loss of 
large numbers of potential plants (seeds) i n a year when seed production 
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was high could nave a devastating long-term effect on the populatio 
which, because of the plants' low reproductive performance and low 
recruitment, would take many years to rectify. 
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SURVIVORSHIP CURVES OF SEEDLINGS 
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CHAPTER EIGHT 
DRABA INCANA 
SECTION 1; INTRODUCTION 
Draba Incana i s a short-lived, usually mono-carpic perennial, 
which reproduces e n t i r e l y by the production and germination of seed 
and the subsequent establishment of seedlings. The individual or 
•unit of reproduction' i s considerod t o be any plant which develops 
from a seed. Usually t h i s plant has a single rosette, although 
occasionally a f t e r flowering, or because the rosette was p a r t i a l l y 
eaten or damaged, subsidiary rosettes were formed on bhe o r i g i n a l stem-
stock. (One plant, whose inflorescence and part of the rosette was 
eaben i n 1970, produced 10 new rosettes on the remains of the o r i g i n a l 
one l a t e r i n bhe season). 
Sometimes, a woody stem bore two or more rosettes, but none of 
the a x i l l a r y rosettes produced separate rooting systems and were, 
therefore, not treated as separate individuals. These a x i l l a r y 
rosettes are shown by branching l i n e s m Figures 30 and 31, which snow 
the behaviour of the individuals i n quadrats 7.3 and 8.1. 
Draba incana occurs on both Uiddybank and Cronkley Fells, but 
exclusively on open, eroding limestone or i n areas where the t u r f i s 
p e r i o d i c a l l y disturbed, such as at s i t e 2 where moles were active, at 
least, during the study period. I t i s clear that the species cannot 
tolerate competition. Seedlings which are very small germinated i n 
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large numbers, often at a relatively high density. In the early 
stages of establishment mortality was high, with dense groups of 
seedlings undergoing self-thinning. 
Clapham, Tutin and Warburg indicates that i n Europe this species 
i s biennial to perennial. In Upper Teesdele, perhaps because of the 
cold, bleak climate, Draba incana acts as a perennial. Plants take a 
number of years to develop to the stage when they flower, producing a 
large number of seeds and then usually dying. The seed which was pro-
duced during the study germinated in the Spring of the following year 
although occasional seedlings were observed in the Autumn. 
The survival of this species depends on plants being able to pro-
duce a large number of seeds, which require areas of bare s o i l for ger-
mination, and seedling establishment. Draba inoana i s a species which 
takes advantage of any areas where the habitat i s open, such as on rock-
ledges and eroding sugar limestone. The production of large numbers of 
seed ensures that the species i s able to colonise newly exposed surfaces, 
a necessary prerequisite for any plant growing on unstable or open 
substrates. 
SECTION 2: PERMANENT QUADRATS 
The populations of Draba incana were restricted on Widdybank and 
Cronkley F e l l s to areas of open eroding sugar limestone, and soils 
derived from the sugar limestone which had been disturbed by moles* 
Four permanent quadrats were established at four different sites on 
Uiddybank F e l l and, in addition, records of flowering performance were 
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made on Cronkley F e l l . Site 2 was situated close to the reservoir's 
edge, sites 5 and 7 at 200 to 250 metres and s i t e 8 at more than 
500 metres from top water-line. 
Quadrat 2.1 was situated m an area where moles were active. 
The vegetabion cover i n a sample metre i s shown i n Figure 26 and i t 
can be seen from t h i s that a very large proportion of the area i s bare 
ground, created by destruction of the t u r f by moles. The i n t a c t vege= 
t a t i o n was dominated by Sesleria caerulea and Festuca ovina with Thymus 
drucei. Garex flacca. Carex caryophvllea. Carex panicea. Minuartia verna 
and Koelena g r a c i l i s . 
Quadrat 5.1 was situated i n an extremely exposed area of eroding 
sugar limestone with a very sparse population of Draba Incana. Ifliere 
vegetation cover existed I L was r e s t r i c t e d to small tussocks of Fesmca 
ovina. Sesleria caerulea. Minuartia verna. Thymus drucei and ffLantago 
man-oima often i n single species stands. Linum catharticum and 
Gentianella amarella were also present. 
Quadrat 7.3 was also recorded f o r Polvgala amarella which was 
present together with Draba incana i n the moss/lichen substrate over-
l y i n g bare rock. Calluna vulgaris was present at the edge of the 
quadrat with Rhacomitrium lan/ueinosum. Ctenidium molluscum and 
Cladonia SPP i n the moss/lichen layer. 
Quadrat 8.1 was very open with a large area of bare limestone i n 
which the Draba incana plants flourished. Sesleria caerulea. Festuca 
ovina and Carex ericetorum were present i n part of the quadrat where 
Draba incana was absent. On the open areas of limestone, t u f t s of 
Festuca ovina. Helianthemum chamaecistus. tunuartia verna and Thymus 
drucei wore present. 
Figure 26 
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Records of flowering performance were made inside an exclosure 
on Cronkley F e l l . Here the plants were growing on very open, bare 
sugar limestone which had been exposed as a re s u l t of s o i l erosion 
i n i t i a t e d by rabbits burrowing i n the shallow s o i l . Sheep rubbing 
along the collapsed burrows followed by wind erosion cau&ed large 
areas of t u r f to be completely destroyed. 
Sample sites were established close to quadrats 2.1 and 8.1. 
However, at the other sites the populations of Draba incana were very 
r e s t r i c t e d and there were very few additional plants outside the 
permanent quadrats. 
SECTION 3i POPULATION FLUX 
There was great v a r i a t i o n m the t o t a l number of individuals i n 
each permanent quadrat over the period of recording. However, with 
the exception of quadrat 8.1, where there was a decrease of 29£ m the 
t o t a l number of individuals, the number of plants i n quadrats 2.1, 7.3 
and 5.1 increased by 47%, 245St and 311% respectively. 
Seedlings have not been included i n the fig u r e f o r the t o t a l 
population u n t i l they were one year old, that i s , seedlings germinating 
i n the Spring of one year are only counted as being part of the popula-
t i o n i n Spring of the following year. The inclusion of these individuals 
i s clearly shown by the sharp increase i n the t o t a l populations between 
the Autumn and Spring records of 1969/1970 and 1970/1971 (Figure 27). 
This increase r e f l e c t s the high rate of recruitment of seedlings i n the 
Springs of 1969 and 1970 respectively. 
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(Seedlings of Draba incana showed a very high rate of mor t a l i t y 
during the f i r s t few months following t h e i r appearance i n the quadrats. 
I t i s f o r t h i s reason that they hav6 not been included i n the popula-
t i o n u n t i l t h e i r second year. Although bhe surviving seedlings were 
not mature, they had by bhen developed i n t o a small rosette and had 
overcome the most d i f f i c u l t period of establishment. A similar reason-
ing was usod when deciding not to include seedlings less than one year 
old m the figures f o r t o t a l populations f o r the other species v/hich 
produced seeds. The seedlings f o r these species did not show any 
increased r i s k of mor t a l i t y during t h e i r f i r s t year, no doubt due to 
the r e l a t i v e l y large size of bhe seed and the persistence of the large 
cotyledons. However, during t h i s f i r s t year plants were clear l y not 
able to make a contribution to the replacement of the population). 
The curves f o r the t o t a l populations of quadrats 2.1 and 5.1 show 
a p a r t i c u l a r l y large r i s e m the Springs of 1970 and 1971, as a r e s u l t 
of high seedling recruitment i n 1969 and 1970 and t h e i r subsequent sur-
v i v a l . The curve f o r quadrat 7.3 shows tha"0 there was a step-wise 
increase i n the number of plants i n a l l three years. For quadrat 8.1 
increases i n the t o t a l number of plants over the years 1969 to 1970 
and 1970 to 1971 were followed by a decrease i n the f i n a l year of t h i s 
study, such that there was an overall decline m the t o t a l number of 
individuals, between Autumn 1968 and Autumn 1972. 
Survivorship curves f o r the individuals i n the o r i g i n a l l y recor-
ded mixed-age population are shown m Figure 28. The steep gradients 
of each of these curves indicate that the rate of mortal i t y was high. 
Inspection of the curves shows that m o r t a l i t y occurred largely during 
the growing season, with the l a t t e r part of bhe Summer, p a r t i c u l a r l y f o r 
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quadrats 2.1 and 7.3, shoving the greatest losses. This Increased 
rate of mortality was no doubt linked to the death of mature indivi-
duals, following flowering. 
Half-life values (Table a) based on the decay of the original 
population, give an indication of the actual rate of loss_of individual 
plants, more than one year old, from the quadrat. These figures show 
that i t would probably take six years for complete replacement of the 
population, and that only a few individual plants may l i v e this long. 
Since the plants are usually mono-carpic, a few plants may take this 
long to develop sufficiently to flower and set seed. 
Although i n Draba incana mortality was not independent of age, 
being concentrated in the early stages of seedling establishment 
(Section 5)» the equation used zo calculate h a l f - l i f e values for the 
other species has been utilised here. Since the mixed-age populations 
did not include seedlings and the curves are approximately linear, i t 
was considered appropriate to use this formula. 
SECTION 4: SEASONAL SURVIVAL AND ANNUAL RECRUITMENT 
Seasonal survival varies considerably both between quadrats and 
between years. The lowest seasonal value was obtained from the indivi-
duals i n quadrat 5*3 during the Summer of 1969; the highest value being 
recorded for quadrat 7.3 over the Winter period Autumn 1969 to Spring 1970. 
The individual figures represent the proportion of individuals surviving 
over each six-month period, expressed as a rate per individual present at 
the beginning of each time interval. For this species the number of 
- 143 -
Table a 
HALF-LIFE VALUlS 
Draba incana 
Quadrat H a l f - l i f e (years) No. 
2.1 
t 
2.7 62 
7.3 3.1 40 
8.1 3.2 102 
Quadrat 5.1 - Only 9 individuals were 
o r i g i n a l l y recorded i n Spring 1969 and 
these had a l l disappeared 2g- years l a t e r 
No. - Number of individuals i n the o r i g i n a l l y 
recorded mixed-age population 
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plants 'at r i s k 1 does not include seedlings, that i s , plants less than 
one year old, but does include a l l other plants surviving at the time 
of recording,(Table b ) . 
When comparisons are made between the values f o r each of the 
seasons i t i s clear that the rate of survival of individuals over the 
Summer period 1969 was much lower than f o r any other seasons. Thet>e 
figures are a l l s t a t i s t i c a l l y s i g n i f i c a n t l y d i f f e r e n t at the % l e v e l 
of p r o b a b i l i t y . The value f o r the Summer season of 1970 i s also s t a t i s -
t i c a l l y d i f f e r e n t at ohe % l e v e l of p r o b a b i l i t y rfhen compared with the 
Winter figures,except thab obtained f o r tne period Winter 197L/1972. 
Although the differences are nob s t a t i s t i c a l l y sigmfica.nt,the Summer 
survival rates f o r 1971 and 1972 were also lower bhan a l l the Winter 
values except 1971/1972. These resulbs i l l u s t r a t e that mo r t a l i t y , 
p a r t i c u l a r l y during the growing seasons of 1969 and 1970, was high. As 
was indicated i n the previous secbion, t h i s high rate of mortal i t y may 
be linked to the death of individuals following flowering. 
The survival rates for the quadrats are not s t a t i s t i c a l l y s i g n i -
f i c a n t l y differfent from each obher at bhe 5% l e v e l of pro b a b i l i t y . 
Seedling recruitmant f o r Draba incana i n a l l quadrats and years 
was high when compared with the other species. The figures shown i n 
Table c show tne rate of appearance of seedlings i n each of the quadr&ts 
f o r each of the years, expressed as a rate per indi v i d u a l present i n the 
quadrats i n the Spring. The differences between the rates of recruitment 
i n the quadrabs were not large. However, bne figures f o r 1970 and 1972 
show that recruitment i n these years was higher than i n 1971. rJote that 
i n 1969 seedlings were not recorded unbil the Autumn when they were 
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Table c 
ANNUAL SEEDLING RECP.UIHL3IT 
Draba—incana 
•QUADRAT 
YEAR 2.1 5.1 7.3 3.1 
1969'** 1.17 6.75 2.33 1.14 1.61-** 
1970 3.52 1.07 3.31 1.87 2.61* 
1971 0.50 2.16 1.50 L».40 0.91w 
1972 1.60 i . a No record 2.97 2.08* 
1.46* 1.56* 2.14» 1.60* 
* Figures shown with an asteristc represent the annual 
recruitment rates for the summed t o t a l s of each 
quadrat and year (1970 to 1972) 
Note: i n 1969 seedlings were not recorded u n t i l the 
Autumn when they were approximately six months 
old 
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approximately six months old (seedlings were only f i r s t i d e n t i f i e d i n 
the Autumn of 1969). Recruitment i n thc:t year was probably also 
high since a large number of seedlings die i n the f i r s t feu months. 
Clearly i n a l l the years seedling recruitment was much greater 
than the annual loss of pianos, being approximately 3S i n every 1GC 
plants over one year old, present i n the quaorats. Even i n 1971 x/hen 
only 91 seedlings per 100 plants were recorded, t h i s represents a i a t e 
of recruitment over twice the rate of loss. 
The largest individual "WCIIIM. was obtained f o r the, individuals i n 
quadrat 5.3 i n 1969» <md since the plants were six month3 old i/hen they 
were recorded the actual rate f o r germinating seedlings was probably 
much higher. The figure gives some indi c a t i o n of the a b i l r c y of 
Draba incana to take advantage of suitable open conditions. In t h i s 
quadrat there were very few mature plants, i n face i n the Autumn of 
1969 only 4 were present, and from these few a r e l a t i v e l y large number 
of seedlings appeared as a result of seed germination. 
The lowest individual value was recorded i n 1971 f o r the plants 
i n quadrat 8.1. Here, the annual rate of loss of individual plants was 
only j u s t compensated for by recruitment. However, the number of 
plants surviving to enter the population as one year old plants, vas 
wel l below tne replacement rate. Although recruitment m other years 
was high enough to more than compensate f o r the loss of plants, as has 
already been indicated the t o t a l population decreased over the study 
period. 
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SECTION 5: AGE-SPECIFIC SURVIVAL AND AGE-DISTRIBUTION 
Survivorship curves for groups of individuals 'born'* a t the 
same time show that mortality was dependent on the age of the i n d i v i -
dual. The curves represent the rate of l o s s of seedlings appearing 
i n each quadrat, which have been summed for each year (Figure 29). 
For the groups of seedlings recorded i n 1970, 1971 and 1972, the 
curve8 show that mortality was concentrated i n the f i r s t few months 
following germination. Where data are available (seedlings of 1970 
and 1971) i t i s c l e a r that the rate of mortality dropped from the Autumn 
of the year of germination and remained r e l a t i v e l y low thereafter. 
The curve for the 1969 seedlings i s also remarkably l i n e a r . 
Individuals were not recorded u n t i l a f t e r the period when there was 
the greatest r i s k of mortality. The curve conforms very c l o s e l y to 
Deevey (1947) type 2 which indicates that mortality i s a continuing r i s k 
throughout the plant's l i f e . However, despite t h i s , i t i s c l e a r that 
mortality i s not independent of the age of the individual and the other 
survivorship curves conform very c l o s e l y to Deevey (1947) type 3, which 
indicates that the r i s k of mortality i s greatest during the early part 
of an individual's l i f e . 
There i s no indication i n the curves that there was a period i n 
the l i f e - c y c l e when the majority of plants flowered and died, resulting 
* Born i n t h i s context i s used to indicate the appearance of a 
seedling i n the quadrat 
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i n a rapid decline i n bhe survivorship curves. Plants did not flower 
u n t i l t h e i r t h i r d year (Figures 30 and 31), and then not a l l of them 
did so. The evidence suggests that i t takes three or more years f o r 
an individual to reach maturity and flower. The plants which flowered 
invariably_ died, often i n the Autumn of the <*amp year*, This loss i s 
shoi/n by the increased rate of mortality, indicated by the curves i n 
Figure 28, over the Summer to Autumn period. 
I t appears that follox;ing the i n i t i a l stages of seedling estab-
lishment, m o r t a l i t y m the f i r s t and second year i s brought about by 
environmental factors acting on the i n d i v i d u a l . I n subsequent years 
mor t a l i t y i s related largely to whether a plant flowers or not, although 
individuals did die without flowering. 
I n a species which i s mono-carpic i t might have been expected 
that there uould be one year i n which the majority of plants from one 
cohort flowered and died. This was not, however, observed during the 
four years of the study and only a relatavely few plants (1969 seedlings) 
flowered m t h e i r t h i r d year. I t may be advantageous to the species that 
in d i v i d u a l plants should a t t a i n maturity and flower at d i f f e r e n t ages. 
In t h i s way the population does not have to r e l y , as do annuals and 
biennials, on successful seed-set i n each year. 
The proportion of the d i f f e r e n t age-groups i n each of the quadrat 
populations,at the end of the study period, varied a great deal (Table d ) . 
Only a very small number of the plants were more than 3^ - years old. 
Since none of the plants had flowered and a l l had reached the age at 
which flowering can occur, they were cl e a r l y important to the survival 
of the quadrat populations. Plants 'born* m 1970 could also be of 
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Table d 
DISTRIBUTION OF AlrE-CLASdES IN 
EACH WUADRAT AT TH2, END OF THE STUDY PERIOD 
Draba incana 
QUADRAT 
AGE Di 
YEARS 2.1 5.1 7.3 8.1 
Present Aubumn 
1968 4 6 0 5 14 
•Born1 Spring 19&9 3* 11 12 21 22 
•Born1 Spring 1970 64 17 55 31 
'Born' Spring 1971 1 * 10 6 57 5 
•Born' Spring 1972 1 85 13 No record 74 
'Born' i s used i n t h i s context to indicate that a 
seedling uas recorded i n the quadrat 
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considerable importance to the replenishment of the population as 
they too were nearing the age when they were able to flower. 
The sn a i l number of older plants r e f l e c t s the high rate of 
mort a l i t y of the individuals. Although there were r e l a t i v e l y few 
surviving seedlings from 1971, except i n quadrat 7.3, overall there 
was a high proportion of plants which had not reached maturity. The 
small number of 1971 seedlings whicn survived to Autumn 1972 was p a r t l y 
due to the fa c t that fewer were recorded and p a r t l y to t h e i r higher 
mor t a l i t y . 
SECTION 6: REPRODUCTIVE PERFORMANCE 
Tne reproductive performance of t h i s species, expressed i n berms 
of the number of seeds produced per 100 individuals present i n each of 
the sites, uas high. The data i n Tables e and f show the t o t a l number 
of plants i n each quadrat and sample s i t e , together with the number 
flowering and the estimated number of f r u i t s and seeds. 
The figures f o r s i t e 2 include data from quadrat 2.1 and sample 
s i t e 2ssl, and f o r s i t e 8 data are included from quadrat 8.1 and sample 
s i t e 8ssl. There were no sample sites associated with permanent 
quadrats 5.3 and 7.3 because ot -ohe very r e s t r i c t e d nature of the popu-
l a t i o n of Draba mcana i n these areas, and therefore, there i s i n s u f f i c i e n t 
data to provide a comparable estimate of f r u i t and seed production. The 
figures f o r Cronkley F e l l have been obtained from a sample recorded on a 
very exposed area of eroding sugar limestone, w i t h i n a sheep and r a b b i t -
proof exclosure. The mean number of f r u i t s per flowering plant and seeds 
per capsule used m calculating these figures are shown i n Section 7, 
Table g. 
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The production of seeds, which represent the potential new 
plants, was much greater on Cronkley F e l l than for the two sites on 
Widdybank F e l l (Table e). I t i s l i k e l y that this greater rate of seed 
production was related to the much more open conditions experienced by 
the plants on Cronkley F e l l ; "here there was almost no other competing 
vegetation. By comparison the rate of seed production at site 2 was 
low. At this site pr^ba f^Myfl survived in/open sugar limestone s o i l 
exposed by moles. However, there was more vegetation i n close proxi-
mity to the individual plants of Draba incana and this may have res-
tricted the ab i l i t y of plants to f r u i t and set seed. The quadrat and 
sample site at site 8 contained a more open vegetation than si t e 2, 
although not as open as on Cronkley F e l l , and this i s perhaps reflected 
by the intermediate figure for seed production obtained for that s i t e . 
The differences i n the production of seed when comparisons are 
made between years (Table f ) are less marked than those between sites. 
Clearly 1970 and 1971 were the years i n which most seed was produced} 
however, whether this was due to more favourable climatic conditions 
or to the fact that more plants attained maturity, and were able to 
flower i s not known. 
I t i s probable that the number of plants reaching maturity and 
flowering was more important in determining the rate of seed production 
i n any one year. This w i l l depend on many factors affecting the rate 
of germination, the subsequent survival of the seedlings and their 
development to flowering. Clearly a large cohort whose survival rate 
was high would make a large contribution to seed production in the year 
i n which they flower. 
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The very high rate of seed production recorded f o r t h i s species 
was clea r l y essential when the rigours attached to seedling survival 
and establishment were so great. The very small seed also appeared 
to suffer a high rate of mortality. From an annual rate of production 
of 2,541 seeds per 100 plants, only VjP seedlings per 10C plants were 
recorded during the study. 
SECTION 7; SPECIES BIOLOGY 
Draba incana i s a short-lived perennial species which only 
flowers once, and then dies. Individuals occurred as a rosette of 
leaves, singly or m small groups, and were sometimes well-scatterod. 
A l l plants were r e s t r i c t e d to the very few open areas of eroding sugar 
limestone, or exposed s o i l . 
Dense groups of young plants were often found near the dead 
remains of the flowering plants of the previous year. Self-thinning 
took place w i t h i n some of these groups i n t h e i r f i r s t year. Sometimes 
there was a gradual decline i n the number of seedlings, although more 
often the decline over the f i r s t six months was quite steep. In 1970 
a group of 70 seedlings recorded i n the f i r s t week of June had com-
pl e t e l y disappeared by tne f i r s t week of August. 
In Teesdale, plants were a l l perennial, although Clapham, Tutin 
and Warburg indicate* that i t i s a biennial to perennial. Plants grown 
i n Durham from seed collected on Widdybank F e l l i n 1968, germinated i n 
January 1969 and flowered i n the same year (within seven months). These 
plants did not die, but flowered again i n 1970 a f t e r which they a l l died. 
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Also, under natural conditions at Durham University, seed collected on 
Widdybank F e l l in 1970 and sown i n pots, germinated in the Autumn of 
that year and flowered in the following year. These plants, despite 
the short period of development, had a l l attained a size approximately 
equal to that of plants which flowered in Upper Teesdale. 
Plants from naturally sown seed, which germinated on Widdybank 
F e l l , developed into very small rosettes i n the f i r s t season and grew 
only slowly i n the following years. This slow development probably 
prevented plants in Teesdale from flowering i n their f i r s t year 
(Figures 30 and 31)* I t seems quite l i k e l y that restrictions imposed 
on the development of plants by the severe climate cause a normally 
biennial species to behave as a mono-carpic perennial. 
Plants began to flower in mid-May and continued until mid-
September; ripe fruits were formed from mid-July until late into 
September on Widdybank F e l l . Seed was shed throughout this period and 
later. Flowering occurred at about the same time for plants grown 
from seed under natural conditions at Durham University. Here, fr u i t s 
developed more quickly, at least i n 1972, when in mid-July plants on 
Widdybank F e l l were beginning to produce ripe fruits, most fruits i n 
Durham had dehisced. 
Germination occurred on Widdybank F e l l in early Spring; i n mid-
April in 1969, 1971 and 1972, but not until the f i r s t week in May i n 
1970 when April was very cold. In 1970 a few seedlings were observed 
on Widdybank F e l l at site 2 in October, indicating that exceptionally, 
germination can take place in the Autumn. 
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At Durham University seed collected i n Teesdale and sown i n 
transplanted t u r f from Widdybank F e l l i n the Autumn of the same year, 
germinated the following year, some two to three weeks before seedlings 
were f i r s t observed i n Teesdale. However, germination i n the Autumn of 
the yper seed wa& set, occurred more readily m Durham. I n the Autumn 
of 1970, plants from Uiddybank F e l l were transplanted* to Durham. These 
plants flowered and set seed i n 1971, and the seed germinated i n the 
l a t e Summer of that year. 
Seed collected on widdybank F e l l and sown indoors on p e t n -
dishes also germinated i n the Autumn of the same year i t was produced. 
Since germination only occurred, under natural conditions i n Upper 
Teesdale, very occasionally i n the Autumn of the year seed was set, i t 
appears that environmental conditions impose a period of dormancy on 
the seed. Germination was thus delayed u n t i l the Spring of the f o l l o w -
ing year. 
Flowers of Draba mcana were f u l l y self-compatible and almost 
t o t a l l y inbreeding, Fearn (1971). 
Both the number of f r u i t s per flowering plant and the number of 
seeds per capsule was large when compared with the other species 
included i n the study. The mean number of f r u i t s per flowering plant 
at sites 2, 8 and Cronkley F e l l show differences which are related to 
the openness of the habitat i n which the plants were growing. Plants 
'* A l l the plants which were collected from tfiddybank F e l l and trans-
planted uere from the area below the projected top-water-line of 
the reservoir 
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growing i n openings created i n the "bugar limestone t u r f by moles, 
produced fewer f r u i t s per flowering plant i n each of the years than 
at the other s i t e s * (Table g). 
The mean number of seeds per capsule, recorded at each of the 
sites,shovs l i t t l e v a r i a t i o n either bctrecn s i t e or between the years. 
This r e s u l t suggests that the environmental factors affecting the 
reproductive perfoi nance of t h i s species i n Upper Teesdale at the 
d i f f e r e n t sites (Section 6) act on the rale of production of f r u i t s . 
F r u i t and seed production f o r groups of plants either trans-
planted from Widdybank F e l l or grown from seed i n Durham, indicate 
that climate played an important role m determining the rate dfc which 
f r u i t s and seeds were formed. I n 1971, the number of f r u i t s per 
flowering plant was recorded f o r three groups of plantsj d e t a i l s of 
the results are given below: 
( l ) Plants transplanted from Widdybank F e l l to an ash p i t on 
Widdybank F e l l - 8.90 i 1.42 
(z) Plants transplanted from widdybank F e l l to Durham University 
- 18.90 t 1.45 
(3) Plants germinated and grown at Durham University 
= 39.30 I 1.57 
These results clearly i l l u s t r a t e the effe c t of climate on f r u i t 
production, with the lowest figure being obtained f o r the planus grown 
on Widdybank F e l l . The very high mean number of f r u i t s per flowering 
plant recorded f o r plants sown and grown at Durham University, suggest 
tnat the temperature may also a f f e c t f r u i t production by influencing 
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the rate of development of a plant. Thus plants which grew more 
slowly i n their f i r s t year or two in Teesdale (transplanted from 
Widdybank F e l l ) , flowered and produced relatively high numbers of 
fruits. However, this number was much lower than that recorded for 
the plants whose rate of development from the seedling stage had been 
very rapid (plants sown and grown i n Durham). 
The rate of seed production per capsule was also greater for 
those plants transplanted from Widdybank Fel] and grown in Durham. 
The figures for groups (2) and (3) above were 22.80 t 0.84 and 
25.80 t 0.81 respectively. Although the differences between these 
figures and those obtained on Widdybank Fe l l are not large, they do 
show that under the more favourable climatic conditions of lowland 
Durham a greater number of seeds per capsule were produced. 
Seed dispersal was limited to a small area around the parent 
plant. The seed was very light, (mean weight 0.16 mg.), and may, 
therefore, have been scattered by the wind, although seed remained 
attached to the septum for some time. 
Wider dispersal was achieved when plants were uprooted. Some 
plants with ripe fruits f e l l over when the tap root was exposed by 
s o i l erosion, caused by wind and rain. Often, the plant was completely 
uprooted and blown some distance away. Sheep also uprooted flowering 
plants which had both ripe and unripe capsules, and these were some-
times moved some distance. The unripe capsules often matured after 
the plant had been moved. 
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Table g 
FRUIT AND SEED PRODUCTION 
(1IEAN PER FLOWERING PLANTj MliAN PER CAPSULE) 
Draba lacana 
YEAR SITE F r u i t s / floworing plant Seeds/capsule 
1970 2 7.75 1 0.87 18.30 I 1.15 
8 9.44 1 0.98 18.24 i 0.56 
Cronkley F e l l 12.8> I 0.97 18.27 1 0.89 
1971 2 7.27 t 0.57 19.53 t O.56 
8 10.98 t 1.23 20.26 t 0.71 
Cronkley F e l l 11.80 1 1.21 19. Q3 1 0.50 
1972 2 7.20 i 0.55 18.00 I 0.92 
8 9.63 t 0.85 18.73 t 0.81 
Cronkley F e l l 15.78 i 1.34 19.26 i 0.50 
Figures f o r f r u i t production are given as a mean per 
flowering plant i standard error. The mean number 
of seeds per capsule i s also given + standard error 
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SECTION 8; LIFE STRATEGY 
This mono-carpic perennial r e l i e s e n t i r e l y on the production 
of seed, i t s germination and establishment f o r survival. The species 
i s mtoleianb of competition, growing exclusively i n areas where there 
i s a bare sugar limestone substrate or where the s o i l has been exposed. 
Th^ evidence from t h i s study suggests that i n t e r s p e c i f i c competition 
may causfa a reduction i n the a b i l i t y of the plants to flower and set 
seed i n t h i s l a s t s i t u a t i o n . 
Annual m o r t a l i t y of the species was high, with approximately 
40% of the population over one year of age dying annually. This figure 
varied from year bo year and quadrat to quadrat reaching 6l% i n 
quadrat 2.1 over the Winter period 1969/1970. This rapid rate of decay 
i n the number of individuals was more than compensated f o r by the annual 
recruitment of seedlings \/hich was 157 per 100 plcmts present m the 
population. 
A very high rate of recruitment i s essential f o r a species where 
mor t a l i t y i s high. However, the figure quoted above f o r annual mor-
t a l i t y was based on the rate of decay of individuals over one year old. 
There was a much greater r i s k of m o r t a l i t y i n the early stages of 
&e&dlmg establishment} t>3% of the seedlings died i n t h e i r f i r s t year. 
Clearly, with seedling m o r t a l i t y t h i s high, recruitment must also be 
very high m order to ensure that s u f f i c i e n t plants survive t o reach 
maturity and produce the seed fo r the next generation. 
Seedlings took some time to develop t o maturity and flo'/er on 
both Widdybank F e l l and Cronkley F e l l . No seedlings were observed to 
flower m t h e i r second year, however plants did flower i n t h e i r t h i r d 
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year (Figures 30 and 31). Note that i n these figures uhere the 
behaviour of the quadrat populations 7.3 and 8.1 are shown, seedlings 
(broken l i n e ) are not included u n t i l the Autumn when the surviving 
plants were nearly six months old. I t appears that the climatic con-
ditio n s retarded tne development of the plants. In more favourable 
conditions at Durham University, plants flowered i n t h e i r second year. 
Unlike the results obtained by Rabotnov (19&0) where for Trifolium 
pratense the l i f e strategy was changed by climatic conditions, from 
that of a short-lived big-bang pioducer to a much longer l i v e d 
repeating producer, the more extreme climatic conditions i n Teesdale 
slow down the rate at which plants reach maturity and flower. 
For t h i s species i t has been possible to estimate, f o r each 
permanent quadrat, the amount of seed produced and relate t h i s to the 
rate of recruitment observed i n the folloi/mg year. The number of 
plants flowering, the number of seeds they produced and the number of 
seedlings recorded i n the quadrat the following Spring are shown i n 
Table h. 
Clearly, there was a very high rate of loss of p o t e n t i a l new 
individuals (seeds) between seed-set and germination. The figures i n d i -
cate that up to 905o of the seed f a i l e d to germinate i n the year follow-
ing seed-set. This lo&s of p o t e n t i a l r e c r u i t s to the population may 
have been brought about by a v a r i e t y of factors. Although almost 100% 
v i a b i l i t y was obtained for seed collected i n Teesdale and sown i n 
Durham, some of the seed produced on the F e l l i n some of the years may 
have been non-viable. Seed may also have been destroyed by animals or 
disease, and even more Wo.a probably dispersed outside the quadrat. A 
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few seeds may also have l a i n dormant in the s o i l , although the percen-
tage germination obtained when seed was sown a r t i f i c i a l l y suggests 
that this involved very few seeds. In 1970 no fruits were produced 
in quadrat 2.1 and yet seedlings were observed in the following year. 
This result suggests that seed was blown or carried into the quadrat 
or that some seed does in fact l i e dormant in the s o i l . Clearly, the 
latter would be very advantageous, allowing seedlings to appear i n 
reasonable numbers in years following seasons when seed-set was low. 
However, as yet there i s no evidence that seed was stored in the s o i l . 
Draba incana i s dependent for i t s survival on having a very high 
reproductive potential. In this way the population i s able to ensure 
that the rigours attached to germination and establishment of seed-
lings, which have been shown to be very severe, are overcome. A 
large number of potential new plants are produced, many of which never 
germinate. The small seedlings also suffer a very high risk of mor-
t a l i t y during the early stages of establishment and relatively few 
survive and go on to flower and set seed. Approximately 80% to 90% 
of the seeds which were produced failed to germinate, annually a 
further 63 seedlings in every 100 died in their f i r s t year and there-
after plants were lost at an annual rate of 33 per 100. These figures 
clearly i l l u s t r a t e the selective forces acting upon this species and 
indicate that for every 1,000 seeds which were produced only 8 survived 
to become three-year old plants (the age at which flowering f i r s t 
occurs i n Upper Teesdale). 
This strategy i s important for a species which i s sensitive to 
competition and only able to survive under very open or unstable 
conditions. A large number of potential plants must be produced to 
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enable the species to exploit aeu situations created by erosion or 
other a c t i v i t i e s , such as disturbance by moles. 
The most c r i t i c a l period f o r the survival of Draba mcana i n 
Upper Teesdale was during the forest rraximum, when competition was 
probably at lbs most severe. For the •3pecie<:! to have survived, 
exposed arejs of s o i l or bare sugar limestone must have been present 
throughout,. I t i s quite l i K e l y that moles may have been very impor-
tant i n t h i s respect, when wind and r a m erosion would have been 
reduced by the presence of the open forest, Clark, i n Valentine (1965). 
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SURVIVORSHIP CURVES OF MIXED-AGE POPULATIONS 
FIGURE 28 
SURVIVORSHIP curves of mixed age populations-Draba incana 
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SURVIVORSHIP CURVES OF SEEDLINGS 
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FIGURE 29 
SURVIVORSHIP curves of seedlings born at the same t i m e - Praba incana 
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Figure 30 
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CHAPTER NINE 
GEN TI ANA VERNA 
SECTION 1; INTRODUCTION 
Gentiana verna i s a small perennial herb which produces fine 
underground stolons each terminating i n a rosette of leaves. In the 
f i e l d i t i s impossible to separate the ramifications and rosettes 
arising from any indi v i d u a l plant. Thereforo, i n this study each 
rosette i s regarded as an in d i v i d u a l reproductive unit i n the popu-
l a t i o n (equivalent to an individual i n an animal species). 
Individual plants are r e l a t i v e l y short-lived, only occasionally 
surviving i f they have flowered. Plants which do flower seldom set 
seed m Upper Teesdale as few capsules reach maturity because of 
predation by sheep on Widdybank F e l l , and sheep and rabbits on 
Cronkley F e l l . Despite the r e l a t i v e l y high rate of m o r t a l i t y and 
i n a b i l i t y of the species to &et seed, the t o t a l population over the 
period of study showed an increase i n numbers. This increase was 
brought about e n t i r e l y by tho production of new vegetative shoots 
arising from the underground stolons. 
These underground stolons are from 2 to 15 cm. long, simple or 
branched and grow j u s t below the ground surface. Rosettes usually die 
without flowering a second time (see Figures 36 and 37) and leave a 
short underground stock from which stolons and adventitious roots arise. 
The same process of development may then be repeated by the secondary 
rosettes, Elkmgton (1963). 
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SECTION 2; PERMANENT QUADRATS 
For the purposes of studying Gentiana verna six permanent 
quadrats were established as six d i f f e r e n t sitos, f i v e on Widdybank 
F e l l and one on Cronkley F e l l , i n an exclosure which was sheep proof 
and mostly rabbit proof. On Widdybank F e l l the quadrats were situated 
ir_ heavily grazed, closed sugar limestone t u r f . An example of the type 
of vegetation i s indicated by the chart showing the dominant species 
present m part of quadrat 1.1 (Figure 32 ). Three of the quadrats on 
Viddybank F e l l contained Calluna vulgaris and were situated i n the 
intermediate zone where the sugar limestone t u r f and heather meer merge. 
Further d e t a i l s of the vegetation i n the quadrats are given below. 
Quadrat 1.1 had an almost completely closed cover v i t h Festuca 
ovma dominant i n the sward. The vegetation of -ohe second metre length 
of thia quadrat i s shown i n Figure 32. Kobiesia simpliciuscula and 
Calluna vulgaris uere completely absent but Carex panicea. Carex flacea. 
Campanula r o t u n d i f o l i a . Linum catharticum. Plantago mantima. Bnza media. 
Galium sternen. Selaeinella selaginoides. Prunella vulgaris and Koeleria 
g r a c i l i s uere present i n 1970 when the vegetation i n the quadrat was 
mapped. 
Quadrat 4.1 had a vegetation cover which was completely closed 
and apparently heavily grazed. Sesleria caerulea and Festuca ovina 
were the dominant species i n the sward. Both Calluna vulgaris, which 
almost completely dominated a small part of the quadrat, and Kobresie 
simpliciuscula were present together with Carex flacca. PotentilJa erecta. 
Campanula r o t u n d i f o l i a . Antennaxia dioica, Thymus drucei, Polygonum 
viviparum and Selagmella selagmoides. 
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Quadrat 7.2 was almost completely dominated by Seslena caerulea 
and Featuca ovma. Helianthemum chamaeci3tus. Hieracium p i l o s e l l s . 
Lotus corniculatus and the mosses Dicranum scopanum and Rhacomitnum 
lanuginosum were present although Kobresia simpj iciuscula and Calluna 
vulgaris were absent. This quadrat "as also recorded f o r Poly sals: 
amarella. 
Quadrat 8.3 had botn Galluna, vulgaris and Kobresia aimpliciu3cula 
i n a very closed sward, close to a sheep track. Polyeala s e r p y l l i f o l i a . 
Thalictrum alpinum. Selctg.3 nella selaginoides. Carex flacca and P o t e n t i l l a 
ere eta i/ere also present. 
Quadrat 8B.1 was situated i n an area where Calluna vu3 gar i s was 
present together with Empetrum nigrum. Most of the quadrat was dominated 
by Seslena/Festuca t u r f with Viola rupestris. Kobresia slmpllciuscula. 
Bnza media. Campanula r o t u n d i f o l i a . rhvmus drucei f Viola lubea. 
Polygonum viviparum and Koelena g r a c i l i s . 
Quadrat 10.1 on Cronkley F e l l had a closed sward dominated by 
Sesleria caerulea and Fesbuca ovina. This quadrat was situated inside 
an enclosure and although i t was not possible to keep rabbits out 
en t i r e l y , there was very l i t t l e grazing over the period of recording. 
Each permanent quadrat had a sample s i t e associated with i t , the 
detail s of which are given i n Chapter three. 
SECTION 3; POPULATION FLUX 
The t o t a l number of individuals m each of the permanent quadrats 
remained over the period of study at or above the number recorded when 
Figure 32 
MAP OF VEGETATION IN QUADRAT 1.1 
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the quadrats were f i r s t established. This i s c l e a r l y shown by the 
curves m Figure 33, where the values f o r the t o t a l populations 
recorded m each quadrat are pl o t t e d on a logarithmic scale and shown 
by a single l i n e . These values include the survivors from the 
o r i g i n a l population plus a l l nav vegetative shoots. 
Relatively l i t t l e change was observed i n the t o t a l populations 
of quadrats 1.1 and 7.2 \/herees i n quadrat 8.3 a large increase i n 
1970 was followed by a decrease i n 1971 and 1972 such that the number 
of individuals recorded i n the Autumn of 1972 was v i r t u a l l y the same 
as the number i n the o r i g i n a l quadrat population. I n contrast increases 
of 30#, 36£ and $0% i n the o r i g i n a l populations were recorded i n 
quadrats 4.1, 8B.1 and Cronkley F e l l , 10.1, respectively. These 
increases have resulted p a r t i a l l y from the large recruitment of shoots 
i n 1970 and t h e i r subsequent survival. This i s shown by the increase 
i n the t o t a l population between Autumn 1969 and Autumn 1970 (Figure 33). 
Despite the large increases m the t o t a l number of individuals 
i n some of the pemanent quadrats, one of the features of the curves 
i s t h e i r r e l a t i v e s t a b i l i t y . With the exception of quadrat 8.3 the 
change m the number of individuals recoided at each v i s i t was quite 
s n a i l by comparison with une number of individuals pi stent at the 
previous v i s i t . (The approximate date of each recording of the 
presence of vegetative rosettes can be seen along the bottom of the 
graph). 
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Maintenance of t h i s apparently stable s i t u a t i o n was achieved 
despite the rapid decline i n the number of individuals recorded i n 
the o r i g i n a l quadrat populations. This decline i s shown by the 
survivorship curves of the o r i g i n a l recorded mixed-age populations 
(Figure 34) as well as by the curves f o r the groups of new vegetative 
shoots (Figure 35 ) appearing i n the quadrats 8 t each date of recording. 
H a l f - l i f e values based on the decay of the o r i g i n a l l y recorded 
mixed-age population i n each quadrat give an ind i c a t i o n of the rate 
of turnover i n the number of individuals i n the populations i n Upper 
Teesdale. The figures shown i n Table a vary between sites and suggest 
th a t complete replacement of the population could take place i n as 
l i t t l e as six years. This i s i n sharp contra&t to h a l f - l i f e values 
obtained f o r some other perennial species, recalculated fron data 
published by Tamm (195&). For Sanicula europaea and Filipendula 
vulaaris values of > 50 years and about 18.4 years respectively were 
obtained (Harper 1967). 
Losses of individuals from the quadrats were of two kinds: 
(a) when dead or dying rosettes were observed and ac the next v i s i t 
were not present, the plant was assumed to h^ve died from natural 
causes, (b) when apparently healthy plants disappeared between con-
current recordings, these may have died or been removed ( f o r example, 
by grazing). Some plants were pulled out by sheep, as rosettes bearing 
teeth marks have been observed. 
On grazed areas of 'Jiddybank F e l l sheep may be important i n 
determining m o r t a l i t y i n t h i s species. Of 376 in d i v i d u a l rosettes 
l o s t over the four year period only one t h i r d had been recorded as 
being dead or dying. In contrast, of 33 in d i v i d u a l plants l o s t from 
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Table a 
HALF-LIFE VALUES 
Gentiana verna 
Quadrat H a l f - l i f e (years) No. 
1.1 3.0 76 
4.1 4.7 127 
7.2 4.1 57 
3.3 2.8 29 
8B.1 3.8 34 
10.1 5.6 41 
No. - Number of individuals i n the 
o r i g i n a l l y recorded mixed-age 
population 
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the quadrat i n the exclosure on Cronkley F e l l , three quarters were 
recorded as being dead or dying. 
This comparison indicates that sheep may have been responsible 
fo r the removal of a f a i r l y high proportion of Gentiana verna rosettes. 
This fact i s borne out by the h a l f - l i f e values i n Table a, where i t can 
be seen that the lowest figure was obtained f o r the individuals i n 
quadrat 8.3 which was situated adjacent to a sheep track. The highest 
h a l f - l i f e value was obtained f o r the individuals i n the quadrat on 
Cronkley F e l l uhich was not grazed. Howevei, i t should be noted that 
t h i s l a s t figure was based on the decay i n the number of individuals 
over 1971 and 1972 when, i n general, m o r t a l i t y was low. 
SECTION 4; SEASONAL SURVIVAL AND ANNUAL RECRUITJVlMJT 
There are some differences both between the seasons and between 
the quadrats i n the seasonal survival rates f o r the quadrat populations 
(Table b). The lowe&t between season survival rates were recorded i n 
the Summer of 1969 and over tho Winter period 1969/70, and there i s no 
si g n i f i c a n t difference at the one per cent l e v e l of p r o b a b i l i t y between 
these figures. However, both values are s i g n i f i c a n t l y d i f f e r e n t at 
t h i s l e v e l from a l l but one of the other overall seasonal rates. The 
exception occurs when a comparison i s made between the survival rate 
over the Winter period 1969/70 and Summer 1970, although the difference 
i s s i g n i f i c a n t at the two per cent l6vel of pr o b a b i l i t y . (No data are 
available i n some of the seasons f o r certain quadrats, either because 
they had not been established, as on Cronkley F e l l , oi because records 
were only obtained at the beginning and end of a twelve month period, 
quadrats 8.3 and 8B.1). 
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The differences between the quadrats were much less marked, 
although the survival rate of the individuals m quadrat 4.1 was 
s i g n i f i c a n t l y greater at the one per cent l e v e l of p r o b a b i l i t y than 
the values obtained f o r the individuals i n quadrats 1.1 and 7.2. 
Quadrat 1.1 had a s i g n i f i c a n t l y lower rate of survivol f o r the i n d i -
viduals at the one per cent l e v e l than quadrats 4.1, 8B.1 and Cronkley 
F e l l . No other comparisons between the quadrats are s t a t i s t i c a l l y 
s i g n i f i c a n t l y d i f f e r e n t . 
The f a c t that the differences i n survival rate are greater 
when comparisons are made between the seasons rather than between the 
quadrats suggest that climatic conditions may be important i n deter-
mining the m o r t a l i t y of some individuals. The lower survival rates 
recorded f o r the seasons Summer 1969 and Winter 1969/70 could be 
related to low Winter temperatures of 1968/69 and 1969/70. In both 
these seasons the mean monthly temperature f e l l below freezing i n 
several months (Figure l ) . This may have been p a r t i c u l a r l y important 
i n 1969 when February and March were very cold, the low temperatures 
perhaps r e s t r i c t e d growth at a c r i t i c a l time and increased the r i s k 
of m o r t a l i t y l a t e r m the plants' development. 
Although between the quadrats the survival rates show smaller 
differences than between the seasons, the results indicate that 
grazing may be of some importance i n determining mo r t a l i t y . The over-
a l l survival rate was greater f o r the individuals i n the quadrat on 
Cronkley F e l l and i n quadrat 4.1. This to some extent bears out the 
conclusion reached i n the previous section that m o r t a l i t y i s greater 
on the grazed areas of Widdybank F e l l . The fact that the value f o r 
- 174 -
cv 
o 
o 
+ 1 
o 
• 
o 
+ 1 
o 
o 
CM 
o 
• 
o 
+ 1 
cv 
o 
• 
o 
+ I 
CO 
to 
CV 
o 
o 
+ 1 
vD 
t o 
cv. 
o 
• 
o 
+ 1 
ro 
00 
cv 
o 
o 
+ 1 
So 
o 
o 
« 
o 
+ 1 
t o 
o 
to 
CV 
ON t o 
o 
to 
to 6j 
o 
CO o 
• • 
o o 
+ 1 
CO 
cv 
to 
rH 
o 
to 
to 
o 
CO o 
o o 
H 
H 
> 
M 
CO 
5 
to 
r/3 
«D 
!> 
E3 
cd 
H 
-P 
C 
ffl 
a 
5 
• 
t o 
CV 
to 
o 
o 
ON 
CO 
cv 
t o 
to 
to 
CO 
to 
o 
to 
CO 
CO 
o 
to 
• 
o 
t o 
o 
o 
« 
o 
"5T 
t o 
to 
cv 
CO 
CO 
ro 
t> 
* 
o 
H CO 
CO o 
• • 
o o 
+1 
H fV 
CO o 
• • 
o o 
+1 
o o 
+1 
vO 
00 
o 
CO H 
to 
to 00 
CO 
o 
00 
00 
o 
CO 
[ > cv 
I > o 
e • 
o o 
+1 
CO 
u u a) 
CO 
o 
u 
o 
CO 
H 
u 
% 
rH 
CO 
CV 
> 
u 
© 
H 
CV 
CO 
- 175 -
quadrat 4.1 i s equal to that f o r the individuals i n the quadrat on 
Cronkley F e l l i s d i f f i c u l t to explain, as t h i s area had the 
appearance of being heavily grazed. However, a l l the other quadrat 
values are lower than that obtained f o r the quadrat population on 
Cronklay F e l l . 
Annual recruitment rates vary a great deal both between the 
quadrats and between the years. The rates given i n Table c are 
expressed per ind i v i d u a l present i n the quadrats i n the Summer of 
each year. The largest difference i s seen when comparisons are made 
between the figures f o r the four years, when twice as many new i n d i -
viduals appeared i n 1970 as i n the other years. 
Differences between the quadrats were less marked. However, 
they are s t i l l considerable and the rate of recruitment of individuals 
i n quadrat 3.3 was the highest at 0.73 per in d i v i d u a l . To some extent 
the quadrats with the lower recruitment rates were those with lower 
rates of mortality. Thus the two quadrats with highest survival rates 
(lowest m o r t a l i t y ) , Cronkley F e l l and quadrat 4.1, were also the 
quadrats with the lowest rates of recruitment. Correspondingly the 
quadrats with the lowest survival rates (highest m o r t a l i t y ) had the 
highest recruitment rates. These results suggest that the popula-
tions were s e l f regulatory i n that the higher the rate of mo r t a l i t y 
of individuals, the greater the rate of recruitment. 
SECTION 5; AGE-SPECIFIC SURVIVAL AND AGE DISTRIBUTION 
Survival of individuals of known age was remarkably similar f o r 
groups of individuals appearing m the quadrats at d i f f e r e n t times 
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Table c 
ANNUAL RECRUITMENT 
Gentiana verna 
QUADRAT 
YEAR 1.1 4.1 7.2 8.3 8B.1 10.1 
1969 0.38 0.43 0.50 - 0.41 - 0.43* 
1970 2.10 O.63 0.91 1.94 0.74 0.54 0.98* 
1971 O.65 0.33 0.31 0.69 0.49 0.34 0.43* 
197? 0.28 0.32 0.49 0.23 0.26 0.50 0.34* 
0.66* 0.42* 0.53* 0.73* 0.45* 0.45* 
Figures shown with an asterisk represent the annual 
recruitment rates f o r the summed t o t a l s of each 
quadrat and year 
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(Figure 35). There i s no i n d i c a t i o n that there was any increased 
r i s k of m o r t a l i t y m the early stages of the rosettes' l i f e and a l l 
the curvos are approximately l i n e a r . The l i n e a r nature of the curves 
(also shown i n the curves from the o r i g i n a l l y recorded mixed-age 
populations) indicates that tnere was a constant r i s k of m o r t a l i t y 
throughout the l i f e of the i n d i v i d u a l plant. The curves conform to 
Deevey (1947) type 2, and are exponential m form. 
The curves have very similar slopes indicating that not only was 
m o r t a l i t y independent of the age of the individual but that age cohorts 
had similar rates of decay. There i s superimposed on these curves a 
small seasonal v a r i a t i o n which indicates that the rate of loss of i n d i -
viduals from the quadrats was s l i g h t l y greater during the growing season. 
This conclusion bears out the suggestion made by Kay and Harper (1974) 
t h a t density stresses i n the sward are responsible f o r c o n t r o l l i n g death 
rates and tnat these stresses are at t h e i r most intense during the period 
of active growth. 
The majority of individuals present i n a l l the quadrats i n the 
Autumn of 1972 were new vegetative shoots which had appeared during the 
study period (see Table d, where the d i s t r i b u t i o n of the d i f f e r e n t age-
groups i s shown f o r each quadrat). Clearly the least important age-
group as f a r as the actual number of individuals i s concerned was the 
group which was three to four years old. The r e l a t i v e l y small propor-
t i o n of individuals i n t h i s age group was due mainly to the f a c t that 
the recruitment rate i n that year was small. Although tne recruitment 
rates of individuals i n 1971 and 1972 were also low, because of t h e i r 
more recent o r i g i n and r e l a t i v e l y low mortality, they form a f a i r l y high 
proportion of the population. 
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Plants were able to flower i n t h e i r second year and therefore 
a l l age groups except those •born 1 i n 1972 were of po t e n t i a l importance 
f o r seed production. This d i s t i n c t i o n i s perhaps not of pa r t i c u l a r 
importance as very few f r u i t s reach maturity on grazed areas of 
Widdybank and Cronkley Fells and as yet_no seedlings have been 
observed. 
SECTION 61 REPRODUCTIVE PERFORMANCE 
Sexual reproduction was not important i n the short-term f o r 
the maintenance of tho populations of Gentiana verna growing under 
natural conditions on Widdybank and Cronkley Fells. However, the 
data so far collected i n t h i s study indicate that the species has a 
very high reproductive p o t e n t i a l * . Table e shows that overall approxi-
mately 7% of the in d i v i d u a l rosettes produced flowers i n any one year. 
Usually only one flower was produced per rosette and i n the permanent 
quadrats and sample areas no ripe capsules were observed. 
Production of flowers varied both between the sites and between 
the years, with the greater differences occurring between si t e s . The 
lowest value of 2% flowering was obtained f o r the individuals growing 
at site 8, which was crossed by a sheep track. The highest value a t 
s i t e 8B may have been related to the presence of Calluna vulgaris which 
could have protected the plants from the ravages of sheep, or provided 
some protection from the harsh climate. Conclusions are, however, very 
d i f f i c u l t because, of the other s i t e s , Cronkley F e l l was ungrazed, s i t e 4 
also had Calluna vulgaris and neither produced p a r t i c u l a r l y high propor-
tions of flowering plants. 
Measured i n terms of the production of po t e n t i a l new plants (seeds) 
See S e c t i o n 8. 
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Table e 
ANNUAL FLOWER PRODUCTION - BETWiiN SITES 
Gentiana verna 
SITE Total No. No. Percentage Individuals Flowering Flowering 
1 884 100 11 
4 922 46 5 
7 520 26 5 
3 447 11 2 
8B 506 70 14 
10 280 24 9 
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Differences between years were much less marked, with 1969 
being the most p r o l i f i c as f a r as the production of flowers was 
concerned, (Table f ) . 
The effects of predation by animals on the a b i l i t y of plants 
t o produce ripe capsules i s c l e a r l y shown by comparing the number of 
flowers which develop to produce ripe capsules on grazed and ungrazed 
areas on both Fells. I n 1970, of 14 marked flowering plants i n the 
exclosure on Cronkley F e l l , 7 produced ripe f r u i t s w ith apparently 
viable seed. I n an experimental exclosure on Widdybank F e l l i n the 
same year 14 ripe capsules were produced. This i s i n sharp contrast 
to the single capsule, which did not reach maturity, produced from 
67 marked flowering individuals on grazed areas of Widdybank F e l l . 
I n 1972 on grazed areas of Widdybank F e l l of 64 marked flowering 
individuals none produced ripe capsules. However, i n the sheep-proof 
exclosure on the F e l l , 105 ripe capsules were produced i n the same 
year. 
Fru i t s collected from inside the exclosures showed that a very 
large number of seeds can be produced (see Section 7, Table g). 
Assuming that a l l the flowers that were produced went on to form f r u i t s , 
the p o t e n t i a l f o r reproduction would be very high with approximately 
1,183 seeds produced per 100 individuals i n the population. Although 
no ripe f r u i t s were observed m any of the permanent quadrats or 
sample areas, each year one or two ripe capsules were found on Widdybank 
F e l l . These may be very important f o r the long-term survival of the 
species, allowing genetic adaptation to environmental change. 
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Table f 
ANNUAL FLOl/ER PRODUCTION - BETWEEN YEARS 
Gent18na verna 
YEAR Total No. Individuals 
No. 
Flowering 
Percentage 
Flowering 
1969 723 77 11 
1970 883 73 8 
1971 1,030 57 6 
1972 918 70 8 
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SECTION 7; SPECIES BIOLOGY 
The small short-lived perennial herb usually produces one 
flower and i n any one year approximately 7% of the rosettes present 
i n the permanent quadrats and sample sites flowered. The rosettes 
which flowered usually died without flowering again. This can be 
seen i n Figures 36 and 37 \/here the behaviour of the individuals i n 
three of the s i x permanent quadrats i s shown. Of 93 flowering 
rosettes recorded i n a l l the permanent quadrats only 8 flowered twice. 
Two of these individuals, one of which flowered i n 1969 and 1970, and 
the obher i n 1969 and 1972, were s t i l l a l i v e m the Autumn of 1972. 
Thi r t y flowering rosettes died w i t h i n one year of flowering and a 
further 19 died w i t h i n two years. T h i r t y of the 93 rosettes were 
s t i l l a l i v e i n the Autumn 1972 although 22 of these had flowered i n 
that year. 
Individuals were able to flower i n t h e i r f i r s t year, although 
of a l l the new vegetative shoots only few did so. More frequently 
flowering took place i n the second or t h i r d year (Figures 36 and 37 ). 
Viable seed can be set i n Upper Teesdale and ripe capsules have 
been found i n exclosures on both Widdybank and Cronkley Fells. As 
already noted very few capbules are produced on grazed areas of "Wie 
two Fells because of predation, p a r t i c u l a r l y by sheep. However, other 
factors may be important, such as insects which often b i t e through the 
calyx and coro l l a to obtain nectar and perhaps damage the flower or 
f a i l to bring about p o l l i n a t i o n . Wind and heavy r a i n may also play a 
part by damaging immature capsules. 
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The main flowering period i n B r i t a i n as a whole i s from the end 
of A p r i l and throughout May (Elkington 1963). I n Teesdale, on the 
upper parts of Widdybank F e l l , flowering i n 1969, 1971 and 1972 
occurred at t h i s time, but m 1970 m response to a l a t e Spring, 
flowering did not s t a r t u n t i l l a t e May, f i n i s h i n g i n l a t e June. 
Occasional flowers i n the Autumn are not unusual. Flowers were 
observed i n October i n 1968, 1970 and 1971, and one plant i n flower 
on Widdybank F e l l i n December 1970 may have been stimulated by a very 
short cold s p e l l i n early November. (Buds are i n i t i a t e d i n the Autumn 
of each year). Plants transferred from Teesdale to Durham m 1970 
flowered i n 1971 and 1972 some 7 days e a r l i e r than plants growing 
under natural conditions i n Teesdale. I n 1971 several plants flowered 
i n the f i r s t week of October. 
I n both 1971 and 1972 on several f i n e , s t i l l days individuals 
of Bombus lucorum were seen to be active on flowers of Gentiana verna. 
Examination of many flowers showed that a l l had had the calyx and 
corolla b i t t e n through. Further d e t a i l s of f l o r a l biology and other 
species characteristics can be found i n the Biological Flora account 
by Elkington (1963). 
Seed production per capsule i s shown i n Table g, and was obtained 
from capsules collected w i t h i n the exclosures. Elkington quotes figures 
of 379 - 20 seeds per capsule f o r a sample of 25 capsules from 
Ballyvaghan, Go. Clare. Five capsules from a population i n Teesdale 
gave a mean number of 113 t 20, a figure which compares favourably with 
the values obtained during the course of t h i s study. 
- 185 -
Table g 
SEED PRODUCTION 
G e n t i s v e r n a 
YEAR Widdybank F e l l Cronkley F e l l Durham 
1970 143 1 11 182 t 30 Hone 
1971 132 t 13 None 60 I 8 
1972 182 i 11 None 131 1 18 
Figures f o r seed production are expressed as 
a mean per capsule + standard error 
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The very low figure obtained f o r individual plants transplanted 
to tubs at the University of Durham i n 1970 and flowering i n 1971 may 
be due to the disturbance of the plants. This i s to some extent borne 
out by the figure f o r the mean number of seeds produced per capsule i n 
1972 which was more than twice the value obtained i n 1971* 
SECTIOH 8: LIFE STRATEGY 
Gentiana verna i s a r e l a t i v e l y short-lived perennial, whose 
effe c t i v e reproduction i s by means of f i n e underground stolons which 
terminate i n a rosette of leaves. Sexual reproduction does occur and 
may be important i n the long term survival and evolution of the species. 
However, as has been noted, few ripe capsules are produced and so f a r 
no seedlings have been observed on either of the F e l l s . 
Despite t h i s f a c t and the r e l a t i v e l y high rate of annual m o r t a l i t y 
of 30 per cent of a l l shoots present i n the quadrats, the t o t a l popula-
tions remained f a i r l y stable throughout the study period. Indeed i n 
three of the permanent quadrats increases of between 30 and 50 per cent 
were recorded between the dates the quadrats were f i r s t recorded and 
Autumn 1972. 
Replacement of the population oy means of the production of new 
vegetative shoots i s a continuous process throughout the growing season. 
The annual rate of recruitment of these new shoots to each of the 
quadrat populations exceeds the rate of loss of individuals. The value 
of 37 new shoots per 100 plants i n the population i s r eflected by the 
ove r a l l increases observed i n the t o t a l quadrat populations. 
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A f a i r l y high proportion of the additional rosettes appeared 
i n 1970 when the climatic conditions were probably most favourable 
to plant growth (see Chapter two, Figure l ) . 
M o r tality of these new shoots, as with mature individuals, was 
independent of the age of the plant. Although there i s no evidence 
to suggest that flowering increases the r i s k of a plant dying, rosettes 
seldom flowered a second time. There i s some in d i c a t i o n that m o r t a l i t y 
may be affected by grazing i n t e n s i t y . The h a l f - l i f e values i n Table a 
do to some extent correlate with apparent grazing pressures, the 
lowest h a l f - l i f e value being obtained f o r the quadrat at s i t e 8, which 
was situated on a sheep track. 
Survival rates discussed i n Section 4, wh i l s t helping to confirm 
the conclusions about the effe c t of grazing, do suggest that climatic 
factors may also have been important i n determining mo r t a l i t y . I n 
t h i s context the higher survival rates f o r the Winter seasons suggest 
that stresses imposed both by the growth of the plant and of the 
surrounding vegetation during the growing season were s u f f i c i e n t to 
increase the r i s k of mortality. This conclusion to some extent bears 
OUT; the findings of Langer et a l . (1964) who, over a period of 3 years, 
recorded the rate of loss of genetic individuals i n populations of 
Phleum pratense and Festuca pratensis. They found the rate of m o r t a l i t y 
was greatest at the peak of the growing season, March to June, whilst 
there was a negligible loss during the Winter months. 
The reproductive p o t e n t i a l of t h i s species i s high. An estimate 
of the maximum possible number of seeds which would be produced annually 
i f a l l the flowers went on to produce rip e f r u i t s shows that some 
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1,183 p o t e n t i a l plants could be formed per 100 plants present i n the 
population. This figure gives some indication of the devastating 
e f f e c t which grazing and perhaps to a lesser extent other factors 
have on the p o t e n t i a l of the population to produce new individuals 
by sexual reproduction. 
The results clea r l y indicate that vegetative reproduction alone 
was able to maintain the populations of Gentiana verna on Widdybank 
and Cronkley Fells i n the short term, at least. This was despite the 
very high rates of mortal i t y which were recorded i n the quadrat 
populations. 
I t i s possible that the plants i n Teosdale, which d i f f e r morpho-
l o g i c a l l y i n both calyx and lea f character from those growing i n the 
Burren area of Co. Glare (Elkington 1972), have originated from a 
r e l a t i v e l y small number of individuals developing from seed. Repro-
duction by vegetative means from these plants has thus given r i s e t o 
extensive clones, with individuals morphologically similar. 
To what extent t h i s sexual reproduction would be important i n 
the replenishment of the population under natural conditions, i f 
grazing were eliminated or reduced, i s not known. Continued study of 
the quadrat on Cronkley F e l l , or even i n the Burren where grazing i s 
much less intense than the area studied i n Upper Teesdale, should help 
answer t h i s question. The long term survival of this species may 
depend on the occasional plants a r i s i n g from seed and allowing genetic 
selection to occur. 
Figure 33 
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SURVIVORSHIP CURVES OF MIXED-AGE POPULATION 
Geqtaana, verna. 
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SURVIVORSHIP CURVES OF VEGETATIVE 
SHOOTS 'BORN* AT THE SAME TIME 
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BEHAVIOUR OF INDIVIDUALS IN QUADRAT 1„1 
figntflana verna. 
«0 
<0 
8 >l f a? I 9^ *5 
v. 
Figure 37 
BEHAVIOUR OF INDIVIDUALS IN 
QUADRATS 8.3 AND 8B.1 
Gentiana verna 
-4 
"0 
«1 
.5 
^0 
3 
1 
rv 
3 
3 
01 
OA 
•v. 
4 3 .$ c5v 6^ 
so 0 \ 
- 189 -
CHAPTER TEN 
COMPARISON OF LIFE-STRATEGIES 
The s u r v i v a l of any plant species depends on the a b i l i t y of the 
population to replace individuals by vegetative growth and sexual or 
apomictic reproduction. The p a r t i c u l a r l i f e - s t r a t e g y of each species 
i s adapted so as to overcome environmental constraints which tend to 
l i m i t or reduce the s i z e of the population. The pattern of growth i n 
a po t e n t i a l l y explosive population i s often expressed by the l o g i s t i c 
equation, Harper (1967): 
dN = r N (K - N) 
dt ( K ) 
Rate of growth of population = i n t r i n s i c rate of natural 
increase x degree of 
r e a l i z a t i o n of the potential 
increase 
K represents the carrying capacity of the habitat; 
N represents population s i z e . 
I n plant populations the i n t r i n s i c rate of natural increase ! r ' 
has, i n effect, two values; one associated with seed output, the other 
with vegetative reproduction. The value for the f i r s t of these i s 
usually, although not always, high and i s . . associated not only 
with high r i s k but also with spread of the r i s k over a large number of 
small c a p i t a l investments (or b e t s i ) 1 , Harper (1967). 
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Most plant species whether annuals, biennials or perennials 
produce seeds. (Note that i n Teesdale some perennials such as 
Viola ru o e s t r i s x r i v i n i a n a produce flowers which are s t e r i l e ) . Some 
species may produce very large numbers of seed and are often annuals 
or biennials which inhabit open or unstable habitats* The value of 
seed output can be as high as 2 x 10^ seeds per plant for species 
which grow i n these situations, Salisbury (1942). The strategy of 
these species i s e s s e n t i a l l y that of the opportunist: by producing 
large numbers of small, l i g h t seed which can often be transported over 
great distances, advantage can be taken of uncolonised, open situations 
which may have been newly-created. 
Seed production i n perennials i s usually quite low by comparison 
i f the annual rate per shoot i s measured. However, when the rate of 
seed production i s measured for a clone over i t s l i f e - t i m e , or even 
the individual (u n i t of reproduction) which may produce seeds i n 
successive years, the actual seed output may be very high. I t i s i n t e r e s -
t i n g i n t h i s context to compare Polvgala amarella and Draba incana. which 
are both perennial species r e l y i n g e n t i r e l y on seed production for the 
maintenance of the population. The former species produces small numbers 
of large seeds over several years,whilst the la t h e r species produces 
large numbers of small seeds and then dies (see below). 
Perennial herbs p a r t i c u l a r l y those growing under grazed conditions 
must often r e l y on vegetative reproduction for the maintenance of the 
population. This mode of reproduction represents a second value of ' r 1 
which Harper (1967) considers i s often lower than the value for seed 
output and • . i s often associated with heavy and continuous c a p i t a l 
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investment, a ^cautious n policy of placing the investments and low 
r i s k 1 . 
Clearly, the method of reproduction i s only part of the l i f e -
strategy of any species. The rate of mo r t a l i t y at each stage i n the 
l i f e - c y c l e , the time -taken f o r plants to mature to an age where they 
are able to make a contribution to population maintenance and the 
actual rates of recruitment, are a l l important i n determining the sur-
v i v a l of the species. The species included i n t h i s study have a v a r i e t y 
of l i f e - s t r a t e g i e s , ranging from Llnum catharticua which i n Teesdale i s 
a biennial, t o Viola ruoestris x r i v i n i a n a which i s a perennial repro-
ducing e n t i r e l y by means of the production of vegetative shoots. 
The strategy of each of the species i s best appreciated by making 
reference to the diagrams showing the behaviour of some of the quadrat 
populations f o r each of the species ( a f t e r Tama, 1943), Chapters four to 
nine. Of the two species not included i n these s i x chapters, L^num 
catharticum i s a biennial and Carex ericetorum. i s a perennial which 
reproduces by the production of vegetative shoots. (The behaviour of 
the individuals i n one of the two permanent quadrats recorded f o r 
Carex ericetorum. quadrat 8.1, i s shown i n Figure 38). 
I n Linum oatharticum seed germinates i n the Spring and develops 
i n t o a small plant with s i x to eight leaves which survives through the 
Winter. The t y p i c a l f a i r y f l a x plant develops i n the following Spring 
and Summer, flowering and setting' seed i n l a t e Summer, a f t e r which the 
plant dies. 
A l l the other species are perennial herbs which reproduce by the 
production of vegetative shoots or seeds, or both. 
Figure 33 
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Some of the parameters used to describe the behaviour of the 
species Btudied on Widdybank and Cronkley Fells are given i n Table a. 
The figures f o r each species i n rows a-h represent the o v e r a l l values 
f o r the populations based on data from the permanent quadrats. The 
figures i n r e s i - 1 give an in d i c a t i o n of the overall reproductive 
performance of each species based on data obtained from both permanent 
quadrats and sample s i t e s . (These figures have been used i n estimating 
the annual seed production per 100 plants, row g). 
Gentiana verna (Chapter nine) and Carex erioetorum reproduce by 
means of the production of new vegetative shoots, the former from long 
underground stolons, the l a t t e r from an underground stem. Both species 
are able to produce seeds, although Gentiana verna seldom does so under 
grazed conditions because the flowers are removed by sheep. A number of 
seeds are produced by Carex ericetorum. although some inflorescences are 
removed as a re s u l t of predation by sheep. However, no seedlings of 
either species were observed during t h i s study. 
The behaviour of the quadrat populations f o r Gentiana verna 
(Figures 36 and 37) and Carex ericetorum (Figure 38) may be the behaviour 
of the individuals of a single clone (the sub-population of Harper and 
White, 1974). The age of the clone cannot be determined, although the 
f a c t that no seedlings have been observed suggests t h a t they could be 
very old. The estimates of clonal longevity f o r Festuca rubra. Festuca 
ovlna, and Trifolium renens. Harberd (1961), (1962) and (1963) respectively, 
suggest that f o r these species, t h e i r age should be measured i n centuries. 
This i s i n sharp contrast to the length of l i f e of the i n d i v i d u a l 
vegetative shoots of Gentiana verna and Carex ericetorum which has a 
maximum value of approximately eight years. This fi g u r e i s based on 
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the h a l f - l i f e values given i n row h, and taken together with the 
rate of annual m o r t a l i t y of a l l plants, row c, shows that the rabe of 
loss of individuals f o r these species i s high. 
Other studies i n the pattern of change of shoots derived from a 
single seedling are very few. Langer (1956), showed tna t t i l l e r s of 
Phlenum pratense had a very l i m i t e d life-span which was normally not 
greater than ono year. The life-span of Ranunculus repens was found 
to be of the same order as f o r fon^an^ verna and Carex ericetorum. 
Sarukhan and Harper (1973). For Ranunculus repens the maximum l i f e -
span was approximately s i x years f o r the individuals known to have 
arisen as a r e s u l t of vegetative reproduction. Seed was produced but 
appeared to be unimportant t o the maintenance of the population. 
By contrast, Tamm's study of several perennial herbs i n meadow 
and forest p l o t s indicates that the rate of population change of estab-
lished plants may be very slow, Tamm (1948) and (1956b). For the 
species studied, which included Prfoul,a veris and Anemone hepatlca the 
annual rate of loss of plants ranged from 0% to H.%. 
Despite the f a c t t h a t f o r both Gentiana verna and Carex ericetorum. 
almost one t h i r d of the plants i n the population were l o s t annually, the 
t o t a l number of shoots changed l i t t l e between Autumn 1968 and Autumn 1972 
and f o r Gentiana verna^ showed an increase. This was brought about by a 
rate of recruitment of new vegetative shoots, row d, which more than com-
pensated f o r the loss. 
I t i s clear that these species are able t o survive by the produc-
t i o n of vegetative shoots. However, both are capable of producing seed 
which may be important to the long term survival of the species by 
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allowing genetic variation, and therefore possible adaptation of the 
population to changing environmental factors. 
Reference to rows i - 1 w i l l show that f o r these species, less than 
10$ of the population actually flower. I n the case of Gentiana verna. 
usually only one-flower i s produced per plant. However, j u s t one ri p e 
capsule can produce a large number of small seeds. Overall, t h i s 
results i n a p o t e n t i a l rate of seed production (assuming §3JL flowering 
plants produce rip e capsules) of 1,183 seeds per 100 plants i n the popu-
l a t i o n . This compares with a f i g u r e of 26 f o r Garex ericetorum where a 
small number of large seeds are produced per flowering plant. 
Carex ericetorum thus r e l i e s on a cautious p o l i c y of c a p i t a l invest-
ment i n seed, similar to that f o r vegetative reproduction. Presumably, 
the production of a smaller number of large seeds i s associated with a 
lower r i s k of m o r t a l i t y a t the stage of seedling establishment. Unfor-
tunately, as no seedlings have been observed i t i s not possible to 
determine whether t h i s i s so. The two values of r (the i n t r i n s i c rate 
of natural increase) are f o r t h i s species approximately the same. 
Gentiana verna P on the other hand, has two very d i f f e r e n t values: a low 
value f o r the cautious policy of c a p i t a l investment attached to vegeta-
t i v e reproduction, and a much higher value f o r seed production- Presumably, 
t h i s second value i s associated with a high r i s k of m o r t a l i t y . 
Since so few capsules of Gentiana verna have been observed on the 
F e l l i t i s d i f f i c u l t to determine the precise significance of t h i s high 
value of seed production. However, i t i s possible that i t represents a 
strategy which allows new genotypes t o become established i n open con-
d i t i o n s . This could have been very important during the whole of the 
l a t e and post-glacial periods especially the forest maximum, when 
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suitable habitats were at a premium. This method of reproduction 
would enable the species to colonise any new open or semi-open s i t e s . 
Viola rupestrls x n v i n i a n a also maintains i t s population i n 
Upper Teesdale by the production of new rosettes by vegetative growth. 
Unlike Carex-ericetorum and Gentiana verna seed cannot be produced by 
flowering rosettes because the flowers are s t e r i l e . Figures 18 and 19, 
Chapter six, show the behaviour of vegetative shoots derived from estab-
lished plants of the hybrid. As already indicated i n Chapter six, these 
new hybrid plants arise very infrequently and the figures may each show 
the behaviour of a clone, ( i t i s possible that the seeds produced i n 
one capsule following successful cross p o l l i n a t i o n between the parents, 
may have germinated i n the same area. Therefore, i f several of these 
seedlings became established, there may i n fa c t , be several clones of 
the same age close to one another). 
The age of the clones are impossible t o determine, but the area 
covered by some of the groups of plants indicate that they may be very 
old. The h a l f - l i f e value (row h ) , based on the decay of the o r i g i n a l 
populations of Viola ruoestria x rivmiana. indicate that i n d i v i d u a l 
rosettes might be expected to l i v e f o r 33 years or longer. This f i g u r e 
taken i n conjunction with the annual rate of mo r t a l i t y of the rosettes, 
shows that change i n the population i s a f a i r l y dynamic process, but 
that the rate of loss i s less than h a l f that f o r Carex ericetorum and 
Gentiana verna. 
The lower rate of turnover i s paralleled by the lower rate of 
recruitment of new vegetative rosettes which i s again h a l f that obtained 
f o r the other two species. This lower recruitment was, however, greater 
than the annual rate of loss, and there was a gradual increase i n the 
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population over the period of recording. Clearly, t h i s hybrid represents 
a genotype which i s successful i n i t s reproductive strategy under present 
environmental conditions. 
Viola rupestris and Viola r i v i n i a n a maintain t h e i r populations on 
Widdybank F e l l both by the production of vegetative s h o o t s sad seedlings. 
The behaviour of the individuals i n the two populations i s shown i n 
Chapter four, Figures 7, 8 and 9, f o r Viola rupestris. and Chapter f i v e , 
Figures 13 and 14, f o r Viola r i v i n i a n a . As new individuals arise both by 
the production of new shoots and by germination of seed and i t s establish-
ment, the populations are made up of a mixture of the 'ramets1 and 'genets 1 
respectively, of Kay and Harper (1974). 
The individuals i n both these populations are r e l a t i v e l y long-lived. 
The h a l f - l i f e values, based on the decay of the mixed-age population, 
indicate that rosettes of Viola rupestris may l i v e f o r up to 18 years, and 
rosettes of Viola r i v i n i a n a up to 24 years. Blake (1935) found that the 
life-span of p r a i r i e plants was si m i l a r , ranging from 10 to 20 years. As 
with Viola rupestris x r i v i n i a n a the annual rate of m o r t a l i t y i s approxi-
mately ha l f that of Carex ericetorum and Gentiana verna. This slower rate 
of loss of individuals requires an equally slow rate of recruitment to 
maintain the population. 
Recruitment of vegetative shoots i n both species i s higher than that 
f o r seedlings. Two t h i r d s of a l l new individuals of Viola r i v i n i a n a 
appeared as a re s u l t of vegetative reproduction. I n Viola rupestris. 
where seedling recruitment attained a greater significance i n open habi-
t a t s , than i n those which were more closed, almost ha l f the new r e c r u i t s 
were seedlings. These figures compare with those obtained by Sagar (1959) 
and (1970), f o r Plantaeo lanceolata. where 2% of the t o t a l number of new 
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individuals appearing over a two-year period were produced from 
r 
vegetative shoots, the remainder being seedlings. 
The rate of recruitment of both vegetative shoots and seed-
lin g s when added together i s f a r i n excess of the number of plants 
which are l o s t . I n f a c t , the annual rate of production of new vege-
t a t i v e shoots i s greater than the rate of loss and t h e o r e t i c a l l y could 
ensure the continued survival of the populations. 
Seedling recruitment, however, provides a means whereby both 
species are able to colonise new areas. This could be extremely impor-
tant to the long-term survival of Viola rupestris. i n p a r t i c u l a r , which 
appears t o be near the l i m i t of i t s tolerance i n the closed grass swards. 
The actual rate of seed production indicates that t h i s mode of reproduc-
t i o n also involves a r e l a t i v e l y high investment i n a few large seeds. 
This cautious p o l i c y represents a low value of ' r 1 and i s associated with 
low r i s k . (Although the figure f o r the annual rate of m o r t a l i t y of seed-
l i n g s of Viola rupestris i s high, i t has been exaggerated by the large 
i n f l u x of seedlings. Only one other group of seedlings showed an 
increased rate of m o r t a l i t y during the early stages of establishment 
/Viola r i v i n i a n a seedlings 197J/. For a l l the other groups the r i s k of 
m o r t a l i t y was the same throughout the l i f e of the i n d i v i d u a l ) . 
Uhen compared with the rate of seed production f o r the other 
species, both species of v i o l e t s produce s l i g h t l y more seed than Car ex 
ericetorum. but much less than Draba incana and LLnmn catharticum. 
The r e l a t i v e l y small contribution made by seed produced from open 
flowers can be seen by making reference to row k. The figures i n brackets 
represent the mean number of f r u i t s per flowering plant from open flowers. 
Cross p o l l i n a t i o n of these open flowers and the production of seeds 
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provides a p o t e n t i a l l y outbreeding mechanism which allows the exchange 
of genetic information. This mechanism could be important to the long-
term survival of both species of v i o l e t . 
Once established, individuals of both species, whether from seed 
or vegetative shoots, take several years to develop to tne flowering 
stage. Thereafter, they may flower i n several successive years. Both 
species have an ove r a l l strategy of slow population turnover and slow 
recruitment, which involves a cautious policy of replacement by vege-
t a t i v e shoots and seedlings. 
Draba incana and Polyeala amarella both r e l y solely on the pro-
duction of seed, i t s germination and the subsequent establishment of 
seedlings f o r the replenishment of t h e i r populations. The behaviour of 
the individuals i n the populations of Draba incana and Polyeala amarella 
i s i l l u s t r a t e d i n Chapter three, Figures 30 and 31, f o r the former species 
and i n Chapter seven, Figures 24 and 25, f o r the l a t t e r . The ind i v i d u a l s , 
each represented by a l i n e i n the figures, appear i n i t i a l l y as seedlings 
and are equivalent to the 'genets 1 of Kay and Harper (1974). 
Although both reproducing by means of the production of seed, the 
two species have very d i f f e r e n t l i f e strategies. Draba incanq, behaves 
as a mono-carpic perennial, a 'big bang' producer of Gadgil and Bessert 
(1970) as does linum oatharticum. w h i l s t PoLyeala amarella i s a repeating 
producer. I n both species the rate of population turnover, of individuals 
greater than one year of age, i s high. The figures i n row e show t h a t f o r 
Polygala amarella the annual rate of m o r t a l i t y i s s i m i l a r to that obtained 
f o r Carex ericetorum and nentf l fmp v^rna, w h i l s t that f o r Draba incana, i s 
higher. 
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Draba incana. a species found only I n open conditions, r e l i e s 
on i t s a b i l i t y to produce large numbers of smalD seeds, row g, which 
germinate producing a large number of seedlings, row e. Thus, t h i s 
species has a high value of ' r 1 , which i s associated with high r i s k , 
both at the seed to seedling and seedling to young plant-stages. This 
i s c l e a r l y i l l u s t r a t e d by the figures f o r annual seed production, annual 
seedling recruitment and annual seedling mo r t a l i t y . 
Polygala amarella has a rather d i f f e r e n t l i f e - s t r a t e g y , i n t h i s 
case producing smaller numbers of large seeds. Unlike Draba incana. 
the plant may flower i n several successive years. I n t h i s way the 
species acts as a repeating producer. The rate of seed production 
represents a f a i r l y low value of ' r 1 , producing only twice as many seeds 
annually as plants that are l o s t . However, the rate of m o r t a l i t y of the 
seedlings i s lower than that obtained f o r the plants over one year of 
age. Clearly, t h i s low rate of seed production i s associated with low 
r i s k , a cautious policy, similar to that of seed production i n Viola 
rupestris and Viola r i v i n i a n a . 
These two d i f f e r e n t strategies r e f l e c t the d i f f e r e n t habitats i n 
which the two species survive. Draba incana only occurs i n open or 
disturbed ground, w h i l s t Polygala amarella grows i n Upper Teesdale i n 
a closed vegetation. The f i r s t species i s c l e a r l y an opportunist, and 
the second, by producing a r e l a t i v e l y small number of large seeds, gives 
the emerging seedling a good chance of survival i n a habitat where t h e i r 
establishment must be quite d i f f i c u l t . 
For both species, the method of reproduction has resulted i n an 
increase i n the population over the period of recording. I n the case 
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of Draba incana t h i s increase i s 50$ on the o r i g i n a l l y recorded mixed-
age populations i n the quadrats. I t must be remembered that Draba 
incana produced large numbers of seed and many of the plants present 
at the end of the study period were s t i l l very small. New plants of 
each species take some time t o develop to the stage when -they are able 
t o make a contribution to seed production. 
I n some respects, f o r instance the annual rate of seed production 
and annual m o r t a l i t y of seedlings, Draba incana and Linum catharticum 
are very similar. Draba incana appears to be, i n f a c t , an extended 
biennial. I t i s possible that the cold and wet climate of Upper 
Teesdale slows down the development of i t s rosettes so t h a t instead of 
being a biennial the species becomes a mono-carpic perennial. 
Other perennial species which reproduce e n t i r e l y by the production 
b<J6osuS 
of seed include: Ranunculus aea&e. Sarukhan (1974), Tri f o l i u m pratense. 
Rabotnov (1960) i n Harper and White (1970) and Anthoxanthum qdoratum. 
Antonovics (1972). Trifolium pratense i s perhaps the most i n t e r e s t i n g 
of the three species i n that i n a flood p l a i n meadow i t would found to 
be mono-carpic wi t h a l i f e - s t r a t e g y s i m i l a r to Draba incana. Although 
mature individuals had a much shorter l i f e (2 years), they produced 
large numbers of seed i n t h e i r second year. Conversely, the same species 
growing i n a sub-alpine meadow was found to have a much longer life-span 
and to be poly-carpic, producing r e l a t i v e l y small numbers of seed over 
several years; t h a t i s , under these more extreme conditions the behaviour 
of the population was very similar to PoLveala amarella. 
I t i s clear from t h i s study that w i t h i n perennial species growing 
i n grassland communities, at least i n Upper Teesdale, a wide va r i e t y of 
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l i f e strategies e x i s t . I t appears that each strategy i s able to 
maintain the size of each population despite the f a c t that the plants 
suffer the ravages of sheep, which f o r Gentiana verna. and to a lesser 
extent Carex ericetorum. prevents reproduction by means of seed produc-
t i o n . I n addition to t h i s , the species have been able to survive f o r 
a very long time and i n various and varying climatic conditions. 
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CHAPTER ELEVEN 
CONCLUSION 
The s u r v i v a l of the •Teesdal© r a r i t i e s ' has been discussed on a 
number of occasions, including Godwin (1956), Pigott (1956), 
Bellamy et a l . (1969), Bradshaw (1970), J e f f r e y (1971) and Johnson 
(1971)* Several d i f f e r e n t environmental factors, including climate, 
the nutrient status of the s o i l and the unique bedrock, have been con-
sidered to be important to the s u r v i v a l of the ' r a r i t i e s ' , both through 
the forest maximum and up to the present day (see also Chapter two). 
I t i s now generally accepted that many of the r a r i t i e s are r e l i c t s 
from the l a t e - g l a c i a l f l o r a . This has been confirmed by Turner et a l . 
(1973) who found evidence of the presence of some of the species through 
the forest maximum. 
The most important feature allowing s u r v i v a l through the f o r e s t 
maximum seems to be the f a c t that at no time was the canopy completely 
closed. Throughout t h i s period, herb pollen r a t i o s were much higher 
than i n the lowlands and Turner et a l . interpret t h i s as meaning that: 
'the woods were considerably more open than those of the lowlands, open 
enough to allow a varied herbaceous f l o r a to f l o u r i s h and contribute 
approximately a t h i r d of the t o t a l pollen. Although habitats for the 
rare species may have been more r e s t r i c t e d than during the l a t e - g l a c i a l , 
development of woodland on the F e l l could a t the most only have decreased 
the areas a v a i l a b l e for them, c e r t a i n l y not destroyed them altogether.' 
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The data presented here clearly i l l u s t r a t e the variety of l i f e -
strategies, exhibited by the species studied. The fact that jDraba 
i,ncanar under present environmental conditions, requires open habitats 
for the successful establishment of seedlings, suggests that these open 
or eroding habitats must have heen present throughout the post-glacial. 
Similarly, Viola rupestris. which appears to be near the lim i t s of i t s 
tolerance i n a closed grass sward, almost certainly required eroding or 
open conditions for i t s survival. 
The other 'r a r i t i e s ' included i n bhis study, Polygala amarella. 
Gentiana verna and Garax ericetorum are a l l able, i n the short term at 
least, to survive i n a closed sward. However, for the long term sur-
vival of Gentiana verna. open areas may have been required so that 
seedlings could become established. 
Turner et a l . (1973), i n discussing the survival of Gentiana verna,. 
suggests that during the forest maximum i t was l i k e l y to have been found 
growing along the streams where, locally, there was freedom from shade. 
The f a i r l y widespread occurrence of Gentiana verna today i n Upper Teesdale, 
Elkington (1972), i s probably related to i t s a b i l i t y to produce large 
numbers of seeds and to reproduce vegetatively. The former of these 
methods of reproduction would allow the species to colonise suitable 
new habitats as the forest wa3 cleared, the l a t t e r allowing i t s survival 
i n these areas even when environmental factors, such as grazing, prevented 
the production of seed. 
Carex ericetorum. on the other hand, i s a species which i s found i n 
the Fine forests of European Russia together with Galium boreale and 
Aatennarla dioica. two other ' r a r i t i e s ' also occurring i n Teesdale, 
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Keller (1927). Watt (1971b), considers Carex ericetormn to be one 
Indicator of former pine forest and i n Teesdale i t appears that i t i s 
'. . • restricted to the sugar limestone, the very areas where pine 
grew best during much of the post-glacial', Turner et a l . (1973). 
Polvgala amarella i s able to survive by the production of seed 
and seedling establishment i n the closed grazed sward. I t i s l i k e l y 
that this species survived the period of the forest maximum under 
openings i n the canopy. Certainly, Figott (195&), observed that, 
'Poly-gala amarella and Gentiana verna, have both been noted i n f r u i t 
under small openings i n the canopy of Picea abies forest i n the Alps'. 
For both Carex ericetorum and Polygala amarella. the production 
of small numbers of large seed probably provides an i n i t i a l energy 
source, which enables seedlings to become established under shade. 
This cautious policy of seed production together with, i n Carex 
ericetorum vegetative reproduction, i s important to the survival of 
these species under present day conditions. For Polygala amarella. 
i n particular, the large seed, by reducing the risk of mortality i n 
the early stages of seedling establishment, aided survival i n the closed, 
grazed sugar limestone tu r f . 
The fact that many of the rare plants growing i n the grazed t u r f 
today l i e close to springs and flushed areas may not be accidental. In 
an open forest i t i s l i k e l y bhat browsing animals would v i s i t the 
springs for water and may have grazed the open areas nearby, helping to 
maintain the open conditions. As already indicated for Gentiana vernq. 
clearance of the forest probably allowed the populations, surviving i n 
the openings i n the canopy, to expand. 
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Howeveri the relatively low reproductive potential of some 
species, as revealed i n their reliance on a cautious policy of invest-
ment, (both for vegetative reproduction and/or the production of seeds, 
Viola rupestns. Carex ericetorum. Folygala amarella and Viola rupeatris x 
riviniana) may be re.sponsible for the very limited distribution-of these 
species i n the sugar limestone grasslands i n Upper Teesdale. For Viola 
rupestris and Draba incana. the presence of suitable habitats for 
colonisation i s also important. 
Grazing animals, by helping to reduce the competitive a b i l i t y of some 
of the more vigorous species, are probably Important to the maintenance 
of the more sensitive rare plant populations. However, at the present 
time, the level of grazing i s such that i n the long term i t could be d e t r i -
mental to the populations. The production of seeds and, therefore, the 
replenishment by means of seedling establishment, i s not only curtailed i n 
Gentiana verna and Carex erj.cetorum. but also i n Primula farinosa and 
Tofieldia pusilla. where few inflorescences survive the ravages of sheep. 
This has implications for the long term survival of the species by 
preventing the exchange of genetic information, which might allow adapta-
tion to changing environmental conditions. Perhaps also of importance, 
i s the reduotion of the reproductive a b i l i t y of the species, which could 
prevent the expansion of the population into new, suitable habitats. As 
we have seen, particularly for Gentiana verna. the production of seed 
provides a very large potential source of new recruits. 
Over the period of this study none of the species which were 
recorded showed a decline i n numbers. Therefore, there would appear to 
be no requirement of specific management aimed at conserving any of these 
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species. However, the time-scale i s short when compared with the time 
taken for complete replacement of the population. Even for Gentiana 
verna. which i s among the shortest lived perennial herbs studied, this 
may take six or more years. For Viola rupestris. this period i s even 
longer and i t may be many years before there i s any noticeable decline 
i n numbers. 
An appreciation of the different life-strategies of individual 
plant species w i l l aid the planning of management, aimed specifically 
at their conservation. For example, i t w i l l be possible to decide 
whether material can be collected for research, and i f so, what the 
implications might be for the survival of the population. Also, i t 
should help i n deciding, i f a species appears to be disappearing, how 
best to reverse the decline. This might be achieved by direct i n t e r -
ference i n the plant's life-cycle, either by-passing stages known to 
have a high risk of mortality attached to them, or providing conditions 
where successful establishment of new recruits i s more l i k e l y . 
In a habitat l i k e the sugar limestone grasslands of Upper leesdale, 
where there are a large number of rare plant species, management, aimed 
at providing conditions suitable for successful replenishment of a l l the 
populations, i s required. In this context i t is convenient to use the 
classification adopted by Watt (1971b). He grouped the rare species 
growing i n the Breckland into three categories, depending on their 
social status: 
Group 1. Species which persist i n the mature phase. A l l 
maintain themselves vegetatively. 
Group 2. Species which survive the establishment/building 
phase but succumb to competition with grasses. 
Group 3* Small plants, often annuals or biennials, which 
require bare patches of ground or short, open 
t u r f . 
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Of the species studied Gentiana verna. Carex ericetorum. Viola 
rivimana and Viola rupestris x riviniana are a l l i n Group 1. Viola 
rupestris might also be included i n Group 1, but i n view of i t s 
apparent sensitivity to competition, even i n the closely grazed t u r f 
on Uiddybank Fell, should perhaps properly come into Group 2. Polvsala 
amareola must also be added to Group 1 as i t i s able to survive i n the 
closed grazed sward, but i n this case reproduction i s by seed production. 
Draba incana and Linum catharticum clearly belong to Group 3. 
Watt considered that Group 1 required no specific management 
policy, and so long as the grazing does not become so intense as to 
cause a reduction i n the size of the populations, this would appear to 
be true as long as the existing level of grazing i s not altered. 
Groups 2 and 3 require the creation of open habitats and need to 
be able to produce seed. Watt suggests that grazing mighb be allowed 
only after seed-set. However, i t i s clear from this study that species 
requiring open conditions are well adapted and able to produce sufficient 
seed to survive, (Draba incana and Viola rupeatris^ and that a l l that i s 
required are the open conditions. The friable nature of the subsurface 
weathered rock, and mole activity , appear to f u l f i l t his requirement. 
Many of the 'Teesdale r a r i t i e s ' have survived i n Teesdale for a 
very long time. They are able to maintain their populations today 
under the present management regime, and as long as conditions do not 
change they should continue to survive. I t i s hoped that the present 
study, by giving some insight into the population behaviour of some of 
the plant species growing i n Teesdale, w i l l help future management 
decisions to take into account the requirements of the individual species. 
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